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What happens when air-entrain- 
ing concrete is vibrated? On- 
the-job tests show that air loss can 
be controlled by vibration tech- 
niques. 


Some Effects of Vibration and Handling on 
Concrete Containing Entrained Air* 


By ELMO C. HIGGINSONTt 


SYNOPSIS 


The effects of vibration, handling, and delay in placing concrete containing 
entrained air were evaluated in the laboratory with some check studies made 
on two large dam construction jobs. Curves of the test results show the rate 
at which vibration removes air from air-entraining concrete at various slumps. 
Loss of air caused by handling and delays in placing is determined. The 
effect of loss of air on the compressive strength and durability of the hard- 
ened concrete is evaluated. Evidence is presented that normal vibration 
does not materially affect bleeding, and that increased vibration may im- 
prove the surface appearance of concrete. 


INTRODUCTION 


Since air entrainment and vibration are both required for Bureau of Ree- 
lamation concrete construction, laboratory research was performed to deter- 
mine the effect of vibration on this type of concrete. Initial laboratory tests 
indicated that vibration drives air from concrete and that the air content 
of the hardened concrete was the significant amount in influencing its prop- 
erties. Field studies of the effect of handling, placing delays, and vibration 
on the air lost from the concrete between the mixing plant and its final loca- 
tion in Angostura and Hungry Horse Dams were made by laboratory engi- 


neers. 


In addition a series of mixes were made in the laboratory to determine 
the effect of prolonged delays on loss of air from concrete. Either of two 
approved air-entraining agents, designated as Agent A and Agent B, were 
used in all mixes. Agent A is a triethanolamine salt of a sulfonated hydro- 
carbon. Agent B is a calcium salt of wood resin which is soluble in coal-tar 
solvent and insoluble in petroleum hydrocarbons. 


*Received by the Institute Feb. 18, 1952. Title No. 49-1 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Instirete, V. 24, No. 1, Sept. 1952, Proceedings V. 49. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Jan. 1, 1953. Address 18263 W. McNichols 
Rd., Detroit 19, Mich. 

tMember American Concrete Institute, Head, Concrete Laboratory, Bureau of Reclamation, Denver, Colo 
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ig. 1—Slump influences the rate at which vibration removes the air from concrete 


LABORATORY TESTS 
Loss of entrained air caused by vibration 

In the laboratory investigations of the effect of vibration on the loss of 
air from concrete, four groups of mixes containing a partially crushed natural 
aggregate of 1!o-in. maximum size and Type II cement were studied. In 
the first three groups the mixes were designed for a constant air content, 
a constant water-cement ratio of 0.53 by weight, and a fixed aggregate grad- 
ing. The slump ranged between 1.4 and 7.1 in.; the first series averaging 
1.8 in., the second 3.5 in., and the third 5.6 in. In these mixes the amounts 
of water and air-entraining Agent A were varied slightly to control the slump 
In the fourth group of tests the initial air content was varied between 2.2 
and 8.5 percent by adding the proper amount of air-entraining Agent B. 

A 6!o-cu ft tilting mixer was used to mix each batch of approximately 
6 cu ft of concrete for 5 minutes. After discharging each batch into a large 
metal pan, the concrete was turned gently with a shovel to minimize segre- 
gation. A small portion was removed for slump and air-content tests by the 
gravimetric method, followed by check tests with a pressure air meter, in 
some instances. The first test on each batch was made on unvibrated con- 
crete, followed by dividing the remainder of the batch into several samples, 
each of which was subjected to a longer period of vibration than the previous 
portion. Vibration periods varied from 0 to 50 seconds. As little time as 
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Fig. 2—Vibration removes air . 
from air-entraining concrete with 
uniform slump at a uniform rate 
regardless of initial air content 
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possible was allowed to elapse before the entire batch was tested so that the 
major portion of the air lost could be attributed to vibration. 

An electric-driven vibrator with a spud 1 in. in diameter which operated 
at a speed of approximately 10,000 vpm was inserted in five different loca- 
tions in each of two lifts to fill both the 1o-cu ft unit-weight containers and 
the 6 x 12-in. cylinders. The vibration time reported is the total of the 
vibration periods for all insertions of the vibrator. In these four groups, a 
total of 19 mixes were made and 358 cylinders were cast. 

Results of these four groups of tests are shown in Fig. 1 to 4, inclusive. 
Fig. 1 and 2 indicate that the rate of air loss as a result of vibration increases 
with the slump; also that the rate is approximately equal for equal slump 
concretes containing different initial amounts of entrained air. It should be 
mentioned that Fig. 1 shows the average curves for the first three groups 
of mixes, regardless of the amount of Agent A used. The mixes tested and 
illustrated in Fig. 3 are selected mixes from the first three groups, all of which 
contained 362 ce of Agent er cu yd of concrete. Hence, Fig. 1 and 3 are 
similar but not identical. Fig. 3 indicates that for a constant amount of air- 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1952 





Fig. 3—Regardless of initial air 
content or slump, fifty seconds 
vibration removes most of the air 
from concrete 
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entraining agent approximately 8!5 percent air is entrained in 5.4-in. slump 
concrete, whereas only 4% percent air is entrained in a 1.8-in. slump mix. 
These data corroborate findings of previous investigators.';? However, Fig. 
3 also shows that the additional air entrained by a given amount of agent in 
a high-slump concrete is more vulnerable to loss from vibration than the 


smaller amount entrained in low-slump concrete. For example, after 30 
seconds of vibration, the high-slump concrete had lost approximately 70 
percent of its original air, whereas the low-slump concrete had lost only 50 
percent of its air. At 50 seconds vibration both concretes contained the same 
amount of air. 


Fig. 4 shows, for equal time of vibration, much greater loss in entrained 
air from a small container (6 x 12-in. cylinder mold volume 0.2 cu ft) than 
from a large container ('-cubic-foot unit-weight can). At 10 seconds of 
vibration, for example, the loss of air from 6 x 12-in. cylinders is approxi- 
mately three times the loss from the !9-cu ft unit-weight container. This is 
due to the greater energy input per unit volume of concrete in the small 
container. 
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Fig. 4—Vibration removes air 
from concrete in small containers 
more rapidly than from concrete 
in large containers 


Fig. 5—Three equal weight cylin- 
ders made from same batch of 
concrete have different heights 
and properties 
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Fig. 5 is a photograph of three test cylinders made from the same batch of 
concrete which, according to determination by standard gravimetric and 
air-meter test, congained approximately 6.5 percent air after mixing. The 
same weight of concrete, 28.02 lb, was placed in each cylinder; therefore, 
the difference in height of the cylinders is due to the loss of air from that 
specimen caused by vibration. This particular concrete required only 6 
seconds total vibration in the 6 x L2-in. cylinder, using the small 1-in. vi- 
brator previously described, to compact the concrete in the cylinder on the 
left until it contained 6.4 percent entrained and entrapped air. When the 
concrete was vibrated in two lifts, 10 seconds in each lift, in the middle eylin- 
der, the concrete lost one-third of its original air and contained only 4.1 
percent at the end of the vibration period. When the concrete was vibrated 
20 seconds per layer, as shown in the third specimen, the concrete lost one- 
half of its original air content and contained only 3.0 percent after vibration. 
The heights of the three cylinders reading from left to right are 12, 11%4, and 
1154 in., respectively, with compressive strengths of 3710, 4320, and 4830 
psi in the same order. An improvement in appearance as represented by a 
decreased number of surface voids, may be noted with increased vibration. 


Loss of air due to delay in placing 

To determine the amount of air lost from concrete due to delay between 
mixing and placing, a series of 12 mixes was made in the laboratory using 
materials similar to those previously described. Agent A was used in 6 
mixes and Agent B in the other 6. These mixes were made with a water- 
cement ratio of 0.55 by weight, a 4-in. slump and an approximate original 
air content of 5 percent. Mixing was 5 minutes per batch in a 2!-cu ft 
mixer, After discharging into a pan and reworking by gently turning over 
with a shovel, at the end of each of several time intervals varying from 0 
to 4!5 hours a small portion of the batch was removed to make unit weight, 
slump, and air-content tests. The concrete was kept covered with wet burlap 
during the waiting period to minimize evaporation loss. Compressive strength 
specimens were fabricated from all of the mixes and durability specimens 
were made from one mix containing Agent A. The loss of air because of 
delay between mixing and placing and shown in Fig. 6 was about 0.6 percent 
per hour and was not affected by the type of air-entraining agent. 


While the laboratory tests were carried out to a total period of 4 hours, 


such delays on most construction jobs would not occur; neither would they 


be tolerated. For a practical maximum delay of 1 hour, an adjustment in the 
amecunt of air-entraining agent added at the mixer can readily be made to 
compensate for the loss. 


Effect on bleeding 

To study the effect of vibration on the bleeding of air-entraining con- 
crete, seven mixes were made with a water-cement ratio of 0.55 by weight 
and a workable grading of aggregate, eight with a water-cement ratio of 
0.60 and an unworkable grading of aggregate, and 13 with a water-cement 
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Fig. 6—Entrained air leaves concrete during delay between mixing and placing 


ratio of 0.75 and a workable grading. All mixes contained approximately 
5 percent air prior to vibration. A similar number of mixes with the same 
water-cement ratio were made without any entrained air for comparative 
purposes. Materials, methods, and equipment used were simiiar to those 
previously described. The bleeding test was performed by placing the con- 
crete sample to a depth of 9! in. in one lift in a heavy metal container with 
an inside diameter of 10 in. and a depth of 11 in. The concrete was vibrated 
for the desired period by slowly raising and lowering the vibrator through 
the sample at intervals of approximately 10 seconds each. In each water- 
cement ratio series, one sample was made with each of the following total 
periods of vibration: 20 seconds, 1, 3, 5, and 10 minutes. After vibration, 
the surfaces of the bleeding test samples were leveled, with a minimum of 
troweling. 

Immediately after troweling the surface of the specimen, the container 
and contents were weighed and the time recorded. The container and con- 
tents were then placed on the floor, and covered with a lid. The lid was 
kept in place throughout the test, except when drawing off the water. Water 
acct.mulating on the surface was drawn off by means of a pipette at 20-minute 
intervals during a period of 3 hours immediately following the recorded 
starting time. The total amount of water drawn off is expressed as a percent 
of the net mixing water in the sample. 

The test results are plotted graphically in Fig. 7 and show that bleeding 
of concrete, either with or without entrained air, is reduced by prolonged 
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vibration. Considering only a normal period of vibration of 20 seconds, the 
effect of vibration on the bleeding of concrete is not noticeable. 
Effect on compressive strength 

In all of the described laboratory studies, 6 x 12-in. cylinders were made 
from each batch to determine the effects of vibration, handling, and resulting 
air loss on compr «sive strength. By accurately determining the volume of 
each mold prior i. placing concrete in it, it was possible to determine the 
actual percent of «° in the concrete cylinder immediately after fabrication. 
Compressive stren:) data, shown in Fig. 8, corroborate other published 
results showing an increase in strength as the air content is decreased. 

The reduction rate is very similar to results published by Wuerpel and 
Cordon.' Since the air contents plotted in Fig. 8 were, in most instances, 
considerably higher prior to vibration, it may be concluded that the final air 
content of hardened concrete is the critical one. Stating this conclusion 
another way, it might be said that the strength of concrete containing 8 
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Fig. 8—Removal of air from concrete by vibration increases the compressive strength 


percent initial air and vibrated until « contains 3 percent is the same as the 
strength of concrete containing 5 percent initial air and vibrated until it 
contains 3 percent, if the materials and mix proportions are the same in both 
instances after vibration. 
Effect on durability 

The durability specimens made in the effect of time of delay series from 
concrete containing an initial amount of air of 3.4 percent were subjected 
to the accelerated freezing and thawing test in equipment described by Price 
and Kretsinger.* 

Four 3 x 6-in. cylinders equipped with inserts for length measurements 
were cast after delays of 44, 34, 144, 134, 2's, and 3% hours, respectively. 


As the specimens used in this test were of small diameter, it was necessary 


to wet-screen the 1!9-in. maximum aggregate concrete on a %4-in. square 
opening screen, using only that concrete which passed the 34-in. screen in the 
specimens. 

Analysis of the test results using both weight loss and expansion as indi- 
cations of failure showed that the durability decreased with an increase in the 
placing delay and its attendant loss of air. However, for normal delays up 
to 34 hour, the loss in durability was negligible. 


FIELD STUDIES 


On-the-job studies of the loss of air from mass concrete caused by handling, 
delays, and vibration under normal conditions were made during the con- 
struction of Angostura Dam in 1948 and on Hungry Horse Dam in 1950. 
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Samples of a given batch of concrete were obtained at the mixing plant and 
after being vibrated in the dam. 

Tests conducted on the samples were unit weight, slump, and air deter- 
mination by three methods: the gravimetric method, and the Washington 
»ad the Klein-Walker types of air meters. Tests conducted at both dams 
gave the same results; that is, only a small amount of air was lost between 
the mixing plant and its final location in the dam. At Angostura Dam, 
where the air content at the mixing plant during the tests averaged 2.6 per- 
cent, the air content of the concrete in place was 2.4 percent, which is a loss 
of only 0.2 percent due to delay, handling, and vibration. At Hungry Horse 
Dam, air determinations were made at the mixing plant, and after the con- 
crete was in the block, both before and after the concrete was vibrated. The 
results of these tests averaged 4.1, 3.5, and 3.4 percent of air at the three 
points of determination, respectively. Results of these two determinations 
were surprising in that they indicated only 0.1 percent loss in air content due 
to the vibration of the concrete in the dam. All tests made in these two 
series were made on the 6-in. maximum aggregate concrete without wet- 
screening. The concrete was mixed in large 4-cu yd .aixers and had ap- 
proximately 2 in. slump. 

Although these tests were made on concrete deposited in very large open 
forms, it is believed they represent what may be expected in general from 
concrete in forms where the vibration is not intensified due to reflected vibra- 
tion from the sides of the container. They represent the opposite extreme 
from vibrating concrete in a 6 x 12-in. cylinder, previously described. 


Other effects of vibration 


During construction of the power plant super-structure walls at Hungry 
Horse Dam, the forms of which were lined with plywood, comparative tests 


of the effect of usual internal vibration and prolonged internal vibration on 
the number of surface voids were made. Fig. 9 and 10 are photographs of 
the surfaces obtained and indicate a marked improvement with increased 
vibration. ‘These results for air-entraining concrete are similar to those 
for non-air-entraining concrete published by Woodin.* It was also found that 
at Hungry Horse Dam prolonged external vibration was beneficial in improving 
the surface. These instances should be considered as evidence only. With 
other materials and mix proportions, the same improvements may not be 
noted, particularly when the forms are sloping. 


CONCLUSIONS 

1. The amount of air lost from a concrete mix during vibration is pro- 
portional to the amount of vibration to which it is subjected. The rate 
of loss is very high during the first few seconds of vibration, and decreases 
as the period of vibration is increased (Fig. 1 to 4, inclusive). 

2. A vibrator is more effective in a small container than in a large con- 
tainer and nearly all of the entrained air may be removed from concrete 
in small containers by vibration (Fig. 4). 
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Fig. 9—Surface of concrete com- 
pacted by usual amount of vibra- 
tion showing numerous surface 
voids 


3. Vibration removes air faster from high-slump concrete than from low- 
slump concrete (Fig. 3). 

4. Regardless of wide differences in initial air content due to variable 
slumps, mixes containing identical amounts of air-entraining agents retain 
an equal amount of entrained air after 50 seconds vibration (Fiz. 3). Where 
different amounts of air-entraining agents are used, longer periods of vibra- 


tion are required to remove the air from low-slump conerete (Fig. 2). 


5. Under usual placing conditions, the loss of air during handling and 


vibration of mass conerete in large open forms is not appreciable 


Fig. 10—Surface of concrete com- 
pacted by prolonged vibration 
showing very few surface voids 
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4. Bleeding of concrete with or without air, as measured by laboratory 
tests, is reduced by vibration in periods up to 10 minutes (Fig. 7). 

7. Tine compressive strength of concrete increases as the percentage of 
entrained air is decreased by vibration (Fig. 8). 

8. The durability of concrete decreases as the percentage of entrained 
air is decreased. 
Closing statement 

Air entrainment and vibration are both beneficial in modern concrete 


construction. Recognition of their effects make it possible for responsible 


engineers and construction men to relate the amount of air-entraining agent 
added at the mixer with the vibration used to give the required amount of 
entrained air in the hardened concrete. While the danger of overvibration 
in field concrete construction is normally slight, a very real danger of over- 
vibrating laboratory test specimens exists. Removing large amounts of air 
from concrete is not always bad because in some instances, such as in un- 
exposed structural concrete, it may be desirable to remove most of the initial 
air from the concrete by vibration. 

Close control cannot be obtained on a job by observation of inexperienced 
or even experienced personnel. Regular tests and analyses must be made by 
trained concrete engineers and their assistants if high class concrete is to be 
obtained. 
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Mechanical methods produce eco- 
nomical linings which prolong 
life of metallic pipes 


Cement Mortar Pipe Linings® 


By J. WRIGHT TAUSSIGT 


SYNOPSIS 


After discussing the reasons for deterioration of metal pipe lines, equip- 
ment for cleaning and lining them with cement mortar by the Centriline 
process is described. The effect of the lining on the carrying capacity of the 
line is considered and brief data are given on tests to determine the effect of 
distortion and of holes in the metal pipe on the efficiency of the lining 


INTRODUCTION 


Long before metal pipes cease to function, their carrying capacity is usually 
reduced by internal corrosion which builds up hard rough insoluble deposits 
on the pipe walls. These deposits, called tubercles, diminish the carrying 
capacity of the pipe or increase pumping pressures and costs. Various types 
of paint and other coatings have been used to retard the interior corrosion 
but none so far developed gives permanent protection. Once tuberculation 
starts, it progresses until it becomes necessary to remove the tubercles by 
cleaning the pipes to renew their carrying capacity. 

Thorough cleaning substantially renews the carrying capacity of the line, 
but after cleaning, the rate and extent of tuberculation is greatly increased. 
This is because once corrosion has broken through any protective coating on 
the interior surface of the cast iron or steel pipe, it progresses much more 
rapidly than when the pipe was new. Unless such pipes are protected with 
a new coating, cleaning is necessary at shorter intervals until in some cases 
it is necessary to remove the tubercles every few months. 

In 1836, the French Academy of Science reported ‘Hydraulic cement is, 
of all compositions combining facility of application with cheapness, that 
which adheres best to castings, is most indestructible and prevents most effect- 
ually all oxidation (corrosion) and consequent formation of tubercles.”’ The 
earliest record of a cement mortar lining being used in the United States ap- 
pears to be in Jersey City, N. J., where in 1845 a sheet iron pipe was lined 

*Based on a motion picture shown at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 27, 1952. Title 
No. 49-2 is a part of copyrighted JouRNAL or THE AMERICAN Concrete INnsvirute, V. 24, No. 1, Sept. 1952 
Proceedings V. 49. Separate prints are available at 35 cents each. Diseussion (copies in triplicate) should reach the 
Institute not later than Jan. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 


tVice President, Raymond Concrete Pile Co. and Centriline Corp., New York, N. Y 
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with natural cement mortar before laying and was still in excellent condition 
when removed from service a few years ago. 

Since then, cement mortar linings have been widely used and it is now 
generally conceded that metal pipe lines fully lined with proper cement 
mortar linings will remain free from internal corrosion or tuberculation for a 
very long time, certainly for seventy-five to a hundred years. 

This permanent protection is due to the fact that a dense mixture of cement 
mortar not only provides a physical barrier between the water and the metal, 
but the small amount of moisture penetrating the mortar is so neutralized 
by the chemical properties of the cement that it becomes noncorrosive. Ce- 
ment mortar linings are effective for conveying any liquids that are not 
destructive to cement mortar and can, therefore, be used with confidence for 
any water, oil or gas which is not of a character that will disintegrate cement 
mortar. 

Large quantities of cast iron and steel pipe have been lined with cement 
mortar before the pipes are laid. The cement mortar is introduced into the 
pipe sections which are then spun until the mortar is distributed to a uniform 
thickness. Cast iron pipe with a cement lining approximately 1% in. thick 
has given satisfactory results in preventing tuberculation under the cement 
mortar lining. Steel pipe, being somewhat flexible, requires thicker cement 
mortar lining to resist handling and laying stresses. Cement mortar lining 
at the joints or welded connections in such lines is applied by hand after the 
pipe is laid if the lines are large enough to admit access. 


LINING LARGE PIPES IN PLACE 


About 1935 the idea of mechanically applying cement mortar in large 


pipe lines in situ was conceived in the United States. This made it possible 


to apply a uniform dense and continuous cement mortar lining in both old 
and new lines. Methods and equipment have been developed to accomplish 
this satisfactorily and economically by the so-called Centriline method which 
has been used to line over 2 million lineal feet of pipe in the United States, 
Canada, England, Cuba, and in Central and South America. 

The Centriline method consists of mechanically throwing premixed cement 
mortar on to the inside of a pipe with sufficient centrifugal force so that it 
adheres to the pipe even though the surface is usually damp. The unset 
mortar can then be mechanically troweled to a smooth glassy finish which 
allows the liquid to flow smoothly through the lined pipe. 

Cleaning pipe 

At varying intervals along the line, excavations are made so that approxi- 
mately 10-ft sections of the pipe can be cut out. These access openings are 
usually provided for in the construction of a new line. 

If an old pipe line is to be lined, a “‘Go-devil’” (Fig. 1) is inserted in the 
access openings, the cut-out section replaced (usually with Dresser couplings), 
and the cleaning machine forced through the pipe by water pressure until 
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Fig. 1—"*Go-devils” for cleaning 
inside of pipes 
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the line is thoroughly free from tubercles and loose scale. If the pipe is new, 
very little cleaning is necessary and any required can be done by hand. 
Lining 

When the pipe is ready for lining, the access sections are removed and 
lined on the surface. The lining machine (Fig. 2) which operates by electric 
power supplied through a heavily insulated cable, is placed in the pipe and 
run in to a point from which it will iine the pipe in a continuous operation 
as it moves back towards the access opening. The distance between the 
access openings varies, but on straight lines may be a thousand feet or more. 
When adjacent sections of the pipe have been lined, the access section is 
replaced in the line. 

The cement mortar is mixed on the surface in a special paddle type mixer 
(Fig. 3) for at least three minutes to insure a uniform mixture with carefully 
controlled water content. The mixed mortar is conveyed to the lining ma- 
chine in the pipe by varying methods depending primarily on the diameter 
of the pipe. For pipes of 36-in. diameter or greater, the cement mortar is 
sometimes conveyed by men pushing specially designed mortar buggies 
through the pipe (Fig. 4). These buggies are so constructed that the empties 
can be passed over the full buggies going up to the machine. Where such 
buggies are used, the mortar is taken from the buggy and placed in the hopper 
of the lining machine manually. 

For pipes of 24- to 36-in. diameter the mortar is conveyed through the 
pipes to the lining machine by electrically driven power and mortar buggies 


Fig. 2—Centriline lining machine 
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Fig. 3—Cement mortar mixer 


(Fig. 5). Such buggies are now being used in larger pipes as well. Move- 
ment is controlled by an operator traveling with the buggy which can run 


through the pipe at a speed of four miles an hour or more. On reaching the 
lining machine, the operator discharges the mortar from the mortar buggy 
into a charging machine which is attached to and moves with the lining ma- 


chine. It constitutes a reservoir for cement mortar during the intervals 
while the mortar is being transported to it. 


Fig. 4—Mortar buggy for hand 
pushing 
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Fig. 5—Electrically-driven motor buggy with operator unit 


Between the charging and lining machines is a car carrying the lining 
machine operator who controls the charging and lining operations. All ma- 
chines are well lighted and designed with every known safety precaution so 
that the process has been practically free from personal injuries. Men work- 
ing in the pipes receive ample fresh air by natural circulation. In some 
cases this circulation must be reduced to prevent too rapid drying of the 
freshly applied lining. 

The mortar is forced by a screw feed through the head of the lining machine 
at a constant rate. This head revolves at a speed of approximately 1000 
rpm and throws finely divided particles of mortar with great force against the 
walls of the pipe. Since the mortar is expelled at a constant rate the thick- 
ness of the lining can be accurately regulated by controlling the speed 


which the lining machine moves through the pipe. This can be varied by 


using different gear ratios so as to maintain a lining thickness within a varia- 
tion of approximately 1/32 in. 

It is also possible to set up the lining machine so as to place a thicker lining 
on the bottom than on the rest of the pipe. This may be desirable to increase 
the wearing quality of the lining if the liquids earry solids. 

Steel trowels powered by the lining machine engage the freshly deposited 
mortar under carefully controlled spring pressures and slowly revolve to 
create a smooth finish. The lining then remains untouched until it has hard- 
ened after which it can be inspected, chlorinated and put into service. 

Since it is impracticable for a normal size man to work in pipes much smaller 
than 24 in. in diameter, a lining machine to operate in pipes as small as 16 
in. in diameter has been developed to operate by remote control from the 
surface. This lining machine operates in the same manner as the larger ma- 
chines, the cement mortar being thrown out from a revolving head and 
smoothed by slowly revolving trowels. Mortar is pumped to this lining 
machine through a specially designed hose which can deliver the mortar 500 
ft or more from the access openings. The forward and backward speed of 


Fig. 6—Switchboard for 16-in. 


lining machine 
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the lining machine, the rotation of the head, and the trowels are controlled 
from a switchboard on the surface (Fig. 6). Any excess or lack of cement 
mortar in the lining machine hopper is indicated on the switchboard so that 
proper adjustment can be made to assure that the lining is being uniformly 
placed. 

Inspection of the finished lining placed by this remote controlled machine 
can usually be made visually between the access openings. In the rare in- 
stances where physical inspection seems necessary, men of small stature on 
pans with wheels have been able to pass through the pipe. Inspection by 
television has been considered but has so far proved unnecessary. 


MORTAR PROPORTIONS 


The cement mortar used by all Centriline machines consists of one part 
of standard Type I or II portland cement meeting the requirements of ASTM 
Designation C 150-49 carefully mixed with from 1 to 1! parts of clean silica 
sand. Where available, natural cement meeting the requirements of ASTM 
Designation C 10-49T is used in the ratio of one part natural cement to five 
parts of portland cement by volume, as it has been found that the introduc- 
tion of this amount of natural cement reduces shrinkage and gives the lining 
greater surface smoothness. All of the sand is thoroughly dried and passed 
through a 16-mesh screen, and is so graded that not over 10 percent passes 
through a 100-mesh screen. The sand is mixed and graded so that when the 
mortar is thrown on the pipe walls by the lining machine, none of it will 
rebound, as if any of the material rebounds, it falls to the bottom of the pipe 
where even though it may be troweled into the unset lining, it creates a non- 
uniform and porous mixture. 


EFFECT ON CAPACITY OF PIPES 


The advantages of lining pipes depends not only on the permanence of the 
lining but also on the future capacity of the line which varies with the effective 
area and the smoothness of the interior. 

The effective area of the line is necessarily slightly less after it has been 
lined than it was before. It is, therefore, desirable to have the lining as thin 
as it can be placed with assurance that it will satisfactorily protect the metal 
walls of the pipe. As has been stated, cement mortar linings approximately 
1g in. thick when spun into cast iron pipe sections above ground are widely 
used. 

For general use, the following thicknesses of lining are customary: for 
cast iron pipe sections with spun-in linings above ground; 1 in. thick for 6- 
to 14-in. diameters, 3/16 in. thick for diameters between 14 and 30 in., and 
lf in. thick for diameters over 30 in.; for welded steel pipe sections with 
linings spun in above ground, '% in. thick. For cast iron or new welded steel 
lines lined underground by Centriline method, linings %¢ in. thick for 
diameters between 16 and 30 in., and 4 in. thick for diameters over 30 in. 
are recommended. For old riveted or lockbar pipe lines to be lined under- 
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Fig. 7—Relation of Coefficient C to flow in 30-in. 1.D. pipe with slope of 5 ft per 1000 ft 


ground, a lining approximately *¢ in. thick is usually required to avoid any 
metal projecting through the cement mortar lining. 

The Williams-Hazen formula is a generally accepted method of measur- 
ing the carrying capacity of the pipe. The process of determining the co- 
efficient C in this formula requires special apparatus and skill. It is desirable 
to employ experienced engineers to make these observations and calculations. 

The coefficient C for modern new lines is generally about 130 to 140, but 
after the lines have become tuberculated, this coefficient may fall to 60 or 
even less. 

When C decreases it is necessary to increase the herd or pressure, at in- 
creased pumping costs, to obtain the same capacity thiough the line. If the 
pumping pressure or static head available cannot be increased the capacity 
of the line is reduced in direct proportion to the reduction of C (Fig. 7). 

Turbulence due to interior roughness is usually much more important 
than the slight reduction in the area of the conduit due to thin linings. In 
calculating C of pipes lined with cement mortar, the reduction in area is of 
such minor importance that it is normal practice to base the calculations 
after lining on the diameter of the unlined pipe. 

It is interesting to note that a riveted steel pipe line, lined with smooth 
cement mortar frequently provides a Williams-Hazen coefficient greater 
than when the pipe was new, without making any allowance for the reduc- 
tion in the effective area due to the thickness of the lining. This is due to the 
elimination of turbulence over the rivets and laps in the pipe. 


EFFECT OF DISTORTION ON LINING 
When large new steel pipe lines are lined in situ promptly after being in- 
stalled, there is always a possibility that they may be distorted by pressures 
due to backfilling or other causes. To answer questions as to what effect 
this might have on Centriline linings, the following test was made which 
demonstrated that the lining adheres to the metal walls of the pipe and is 
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Fig. 8—Test section of 48-in. pipe lined with cement mortar 


not injured by ordinary deflections A welded steel pipe section 5 in. thick 
and 72 in. in diameter was lined with 4-in. cement mortar. After the lining 
had been cured, a load was placed on top of the section and increased gradu- 
ally until a total deflection of 13 in. was reached on the vertical axis. No im- 
pairment to the lining was observed throughout the test even when the load 
was removed and the pipe returned to its original circular shape. The centri- 
fugally applied mortar lining adhered to the pipe throughout and no serious 
cracks resulted. 


EFFECT OF HOLES IN PIPE 


In old lines, it is frequently found that holes have developed. Steel or 
wood plugs are sometimes driven into these holes, or where they are very 
large, welded patches are applied. As some of the smaller holes may be 
overlooked, it was considered desirable by the City of Detroit to determine 
what effect these holes might have after the pipe had been lined. A length of 
48-in. diameter steel pipe was set up on the surface and deliberately per- 
forated with holes varying in diameter from | to 614 in. (Fig. 8). Each hole 
was then fitted with a blank so that an unbroken interior would be available 
for lining just as would be the case in an old line underground. The lining 
in sections of the pipe was applied in different thicknesses as shown in Fig. 8. 
After an adequate curing period, heads were attached to the ends of the 
pipe, the blanks removed from the holes, and hydraulic pressure applied and 
gradually increased under careful observation. Not until the pressure had 
reached 305 psi did the largest hole, slightly over 6 in. in diameter, blow out. 
The thickness of the lining at this hole was % in. This remarkable test 
clearly shows the ability of a properly placed cement mortar lining to prevent 
leakage from metal pipes even though there be holes through them. 
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Field Practice in Lightweight Concrete™ 


By JOHN A. MURLINT and CEDRIC WILLSONT 


SYNOPSIS 

Discusses properties of expanded shale and clay aggregates produced in 
Texas. Considers the use of lightweight structural concrete members and 
their economy as compared to heavy concrete taking into account the cost 
differential between the two materials. A practical and simple method for 
the design and control of lightweight structural concrete, both ready- and 
job-mixed, which has worked well in the field is discussed. Other sections 
deal with methods of mixing, placing, finishing and use of admixtures, and 


the economy of expanded clay or shale structural concrete. 


INTRODUCTION 


In the Southwest and on the Pacific Coast lightweight expanded clay and 
expanded shale aggregate concretes «re being used extensively. In Texas 
three major companies with six aggregate plants are producing approximately 
50,000 cu yd of aggregate per month. During the first few years output was 
sold principally for the manufacture of lightweight concrete blocks and pre- 
cast lightweight floor and roof panels, with a few monolithic lightweight 
floor or roof fill jobs. The aggregate was available in one grade only, a blend 
suitable for making blocks which had a gradation ranging from poor to me- 
diocre. Occasionally, as in the North and East during the previous 25 years, 
some structural designer would be faced with a problem where structural 
concrete was definitely indicated and a reduction in weight imperative. 
In these instances, the designer would specify lightweight concrete regardless 
of its cost and the normal economies of construction. For some reason, a 
lightweight job usually cost from two to three times as much in place as 
similar heavy aggregate construction. 

In 1949, certain Texas producers of expanded clay aggregate, who had many 
years of experience in all phases of concrete construction, undertook an in- 
vestigation of lightweight structural concrete from a somewhat different 
viewpoint. Their objective was to compare expanded clay and shale con- 
crete with heavy concrete because they felt the former could be developed 
to compete economically. The builder could then obtain the recognized 
advantages of this material without additional cost or, possibly, with a sub- 
stantial savings. 

*Presented at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 27, 1952. Title No. 49-3 is a part of 
copyrighted JoURNAL OF THE AMERICAN Concrete Instirute, V. 22, No. 1, Sept. 1952, Proceedings V. 49. Sepa- 
rate prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later 
than Jan. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tMember American Concrete Institute, Formerly Structural Engineer, George L. Dahl, Architects and Engi 
neers, Dallas, Texas 


tMember American Concrete Institute, Vice-President and Chief Enginesr, Texas Industries, Ine., Dallas, 


Texas. 
21 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1952 


At about the same time some designing engineers in this area were con- 


sidering the justification of the continued use of structural members weighing 


150 Ib per cu ft when the same job could apparently be done with members 
weighing only 90 Ib per cu ft. This was particularly significant because the 
lighter material also provided greater resistance to fire and had a much lower 
thermal conductivity. 

They found the many aggregates used to make lightweight concrete could 
be grouped into four general classifications: 

1. Common rocks light enough in their natural condition to be used without proc- 
essing other than crushing and sizing. This group includes pumice, scoria, volcanic 


cinders, tuff and diatomite 


2. ‘Those minerals of crystalline structure which, when heated, explode and produce 


a light, fluffy substance of little inherent strength. This group included obsidian, perlite 
and exfoliated mica. 


3 By -product aggregates such as sintered fly ash, expanded blast furnace slag, and 
coal cinders, 
1. Expanded clays, shales, and slates heated in a rotary kiln or sintering machine 

to about 2200 F, clinkered, crushed, and screened to size 

Their investigation led them to concentrate on the last group of lightweight 
aggregates to the exclusion of the others because (1) they were the only class 
which consistently complied with ASTM specifications for lightweight aggre- 
gate for concrete, (2) they were the only class which would produce concrete 
meeting code requirements at normal cement factors, and (3) the many vears 
of background and abundance of fine technical literature on these aggre- 
gates. 

Published laboratory tests and technical papers showed that expanded 
clays and shales could produce concrete which (1) would develop satisfactory 
compressive strengths without excessive cement factors, (2) reduced the 
weight of concrete by one-third or more, (3) provided much better resistance 
to fire, (4) developed equal resistance to weathering, (5) developed strength 
in bond, shear and diagonal tension well within code requirements, (6) pro- 
vided a significant insulating value, and (7) developed a modulus of elasticity 
which varied from 50 percent to 90 percent of the equivalent sand-gravel 


concrete. 
PROPERTIES OF TEXAS CLAY AND SHALE AGGREGATES 


In Texas, the expanded clays and shales cover a comparatively narrow 
range of physical properties. The expanded clays weigh about 48 lb per cu ft 
for the fines and 42 lb per cu ft for the coarse sizes when each of these grada- 
tions corresponds to the screening specifications of ASTM C 130-42. Sim- 
ilarly expanded shales weigh 55 |b for fines and about 47 lb for coarse sizes. 
Strength 

The crushing strength of expanded shales and clays determined by com- 
pacting 1-, 2- or 3-in. sizes has been reported by many investigators. Com- 
paction-crushing tests on Texas aggregates generally confirm these test re- 
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sults. They show an average of approximately 1200 psi required for clay and 
2000 psi required for shale to obtain l-in. compaction with the clays ranging 
from 6000 to 8000 psi and the shales about 15,000 psi for 2-in. compaction. 
Natural heavy aggregates vary widely in this area, some falling below the 
expanded shale on the compaction test while others are considerably above 
It is believed significant that both clay and shale aggregates show a 2-in. 
compaction well above the compressive strength of the cement paste used in 
normal structural concrete. Strength tests as required by ASTM C 130-42 
were exceeded by all Texas clays and shales, in some cases by over 200 percent. 

Properly designed expanded clay and shale aggregate concrete has approx- 
imately the same strength as natural aggregate concrete at the same cement 
factor. This is to be expected since the crushing strength of the cement paste 
is the same with both types of aggregate. Since the water-cement ratio 
law operates for both types of concrete the comparison must be made using 
sharp angular coarse aggregate in both cases with a maximum size of 44 in. 
While it is recognized that natural aggregates vary widely in different areas, 
in Texas greater strengths have been developed with expanded clay and shale 
aggregates than with heavy concrete using angular *4-in. coarse aggregate at 
the same cement factor and slump. This is probably due to the better grada- 
tion of the lightweight aggregate. 

The strength of expanded clay and shale aggregate concrete in shear, bond 


and diagonal tension have been well established and the same allowable 


working stresses are recommended by the Joint Committee as for heavy 


concrete. Pull-out tests showed an average ultimate of 465 psi for concrete 
having a compressive strength of 3000 psi. Beam tests on this same con- 


crete showed an average modulus of rupture of 605 psi at 28 days. 


Soundness 

All clay and shale aggregates produced in Texas exceed the soundness test 
required in ASTM C 130-42 by a wide margin. One expanded clay was 
subjected to 27 cycles of the sulfate test, 22 more than required, with a loss 
of 5 percent, less than half the permitted loss. Other investigators have con- 
firmed the exceptional soundness and durability of these materials. Frank FE 
Richart and Vernon P. Jensen! in reporting the results of a five-cycle 
sodium sulfate test on expanded shale, gravel and limestone stated that the 
shale aggregate gave results as good as those for gravel and better than those 
for limestone. 
Elastic modulus 

The one physical property of all lightweight concretes about which little is 
known is the elastic modulus and how it varies with the design mix. Lab- 
oratory investigators have reported E’s of 50 percent to as high as 90 percent 
of the equivalent sand-gravel concrete. But it is difficult to correlate these 
independent laboratory tests with job conditions. However, Table 1 shows 
that the elastic modulus may vary considerably without affecting design 
calculations seriously. 
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TABLE 1—DESIGN CONSTANTS FOR LIGHTWEIGHT AND SAND-GRAVEL CONCPETE 


K 


0.50 EB, 


SOU 
SOU 
SOY 
SOD 
0.67 E 
SOOO | SOS 8.32 
4000 5 503 S32 
3000 § 5O3 832 
2000 WS 832 
0.75 E 
S42 
S42 
S42 
S42 
zravel concrete 


5000 Dw S67 

4000 S67 

2000 O Bar 
Absorption 

The absorption of clay and shale aggregate is an extremely elusive and vari- 
able property. It is affected by a number of factors, principally whether or 
not the aggregate contained moisture at the beginning of the test. It is also 
affected by the length of time the initial moisture has been in the aggregate. 
Further, the critical absorption is not necessarily total absorption but rather 
the absorption equal to that which takes place during mixing, conveying, 
and placing the concrete. And this varies from job to job and on different 
parts of the same job. As a matter of fact, after working on absorption for 
three years, the only thing certain is that this property, a very minor factor 
with natural heavy aggregates, is extremely important in dealing with ex- 
panded clay and shale aggregates. Contrary to the reports of some investi- 
gators and in agreement with others, the absorption of the fine aggregate 
was found to be greater than the coarse. Aggregates which contain some 
initial moisture at the beginning of the test have a greater absorption than 
those which are moisture free. Hundreds of tests indicate that the true 
absorption of expanded shales is from 7 percent for coarse aggregate to 20 
percent for the fines or sand grade and for expanded clay aggregates is from 
16 percent for the coarse to 26 percent for fines. However, the accuracy of 
these determinations is uncertain. 
Specific gravity 

Specific gravity of these materials was found to be practically indeterminant 
due, of course, to the variable absorption. The usual immersion method on 
the coarse aggregate gives results which can be duplicated with fair agree- 
ment but the fines gave generally unsatisfactory results; specific gravity 
apparently varying with particle size. There is no constant absorption as 
with heavy aggregates and it was difficult to properly immerse the fine ma- 
terial. Attempts were made to determine the specific gravity in many fluids 
other than water but results were not satisfactory. A fairly satisfactory 
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method of determining bulk specific gravity was finally developed. After 
the weight of a moisture-free sample has been determined, the material can 
be made water repellent by treating with a silicone to which has been added 
a wetting agent. The displacement of the water-repellent aggregate will 
then give the bulk specific gravity, taking into account the small increase 
in weight due to the silicone treatment. Results can readily be duplicated 
by this method and the bulk absolute volume of the aggregate calculated 
from this specific gravity is believed to be fairly accurate. 
Shrinkage 

Ralph W. Kluge, Morris M. Sparks, and Edward G. Tuma? state that 
this type of concrete has a maximum shrinkage of roughly twice that of sand- 
gravel concrete. However, shrinkage was not a problem in monolithic strue- 


tures of expanded clay and shale concrete. It is believed the entrapped or 
absorbed water in the aggregate may explain the lack of serious shrinkage. 
This water may act as a self-curing agent, preventing too-rapid drying. 


As the effective mix water is used up, partially by evaporation and partially 
in the hydration process, the entrapped water is drawn out of the minute 
channels and cells in the aggregate and the concrete continues to cure for a 
very long time, increasing in strength at a fairly steady rate over a period of 
months. This is probably why shrinkage cracks so common in heavy concrete, 
especially floor slabs, have been absent in monolithic expanded clay and 
shale concrete. 

Lightweight expanded clay or shale concrete must be treated with discretion, 
the same as any other structural concrete. It will shrink and crack even- 
tually if anti-crack steel is not properly placed. Fig. 1 illustrates a beam 
some 40 in. wide and 13 in. deep. Six of these beams cracked at or near the 
quarter point. For several days no one could present any reason why six 
beams should crack while a hundred others in the same building did not, 
until the placing of the steel was checked on the shop drawings. Then it was 
discovered that, while proper precaution had been taken throughout the 
rest of the building, through some oversight in these six beams, no steel was 
extended in the bottom to the outside column as called for in the ACT code. 

This exception is cited to illustrate that such shrinkage cracks are very 
rare. In a seven-story monolithic lightweight structure with 8-in. slabs 
spanning 25 ft, not one crack of any kind had been discovered when these 
floor slabs were six months old. 

Other properties 
Time required for drying, fire resistance, and thermal conductivity were 


+++ nd 


Fig. 1—Cross section of cracked beam 
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also determined for Texas aggregates. These tests added nothing to that 
in the technical literature on expanded clay and shale concrete but did serve 
as assurance that the aggregates available in this area were typical in every 
respect. It was found that the time required for air-dried clay and shale 
concrete to come into equilibrium with the humidity of the air was prac- 
tically the same as for sand-gravel concrete. However, at the beginning of the 
curing period the heavy concrete loses moisture much more rapidly to ap- 
proximately 90 percent of equilibrium in about 30 days and then loses moisture 
very slowly to equilibrium in approximately 90 days. Shale and clay concrete 
also reach equilibrium with the moisture in the air in about 90 days but the 
rate of moisture loss is more uniform, the point on the curve corresponding 
to 30 days for sand-gravel concrete being reached in from 65 to 70 days for 
clay and shale concrete. 

In general, thermal conductivity tests showed a lower value for k than 
reported elsewhere. It is believed this is due to the lower weight of clay and 
shale aggregate produced in Texas. Concrete is approximately 10.0 lb per 
cu ft lighter than the average weights reported by other investigators, and 
the average k value was found to be 2.50 tor 80-lb concrete and 3.0 for 90-lb 


concrete. 


LIGHTWEIGHT CONCRETE MIX DESIGN 


A review of the literature indicated that one of the difficulties in using 
lightweight aggregates was that laboratory strengths reported by investi- 
gators were rarely, if ever, obtained with consistency om jobs. Yields were 
unpredictable and concrete was not uniform from batch to batch. An even 
greater problem seemed to be the quality of the concrete from the stand- 
point of placing, puddling, and finishing as compared to heavy concrete. 
Contractors shied away from handling it because it was harsh and unmanage- 
able. When it was forced upon them, they added anywhere from 100 to 400 
percent to normal handling and finishing cost. 

Since the use of lightweight structural concrete would be uneconomical 
unless it could be handled by ready-mix plants and contractors with no 
penalty except the higher aggregate cost, the project looked dim at this 
point. However, before giving up it was decided to mix enough concrete to 
experience first-hand the difficulties reported. 

Aggregate requirements 


There was immediately developed some rather obvious information, most 


‘ which is simply established good concrete practice regardless of the type 
Y aggregate. 


1. The material segregates badly and uniform concrete both as to strength and 
consistency can be more easily produced with separate fine and coarse aggregates. 
This is no different from good practice with heavy materials. 

2. At least twice as many “fines’’ should be in the fine aggregate as for heavy con- 
crete. Again, this is in accordance with good practice. Sharp, angular aggregate re- 
quires more fines regardless of whether it is light or heavy. 
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4. Clay and shale aggregates are so unusually sharp and angular that it is imprac- 
ticable to obtain good workability and mobility by using finer “‘fines’’ only. To do so 
would require such a large percentage of fine aggregate that strengths at normal cement 
factors would be too low for acceptable structural concrete. 

1. From 3, it follows that some internal lubrication is necessary for this type of con- 
crete to give it additional workability up to the level of well-designed, heavy concrete 
\ lubricating admixture was, therefore, essential. 


As experimental work continued, the importance of gradation became more 


and more apparent. It has been recognized that more fines were required 


for workable concrete when the aggregate particles were sharp and angular 
than when they were rounded. In supervising the design of approximately 
50,000 cu yd of expanded clay and shale aggregate concrete, this has been 
found to be a dominant factor. The particles of this aggregate are 
extremely sharp and angular from the 44-in. size right on down to the minus 
100-mesh fraction. This makes necessary a gradation of the fines or sand 
size which has at least twice as much minus 50-mesh material for workable 
concrete as is required in silica sand. The fine aggregate, with 100 percent 
passing the No. 4 sieve, should have 50 to 60 percent passing the No. 16 
sieve, from 20 to 30 percent passing No. 50 and from 8 to 12 percent passing 
No. 100. The coarse aggregate should be well graded in accordance with 
ASTM C 130-42 from the No. 4 to 34 in. Work is now being done to de- 
velop a workable concrete using larger maximum size coarse aggregate but, 
to date, has not been entirely successful. 

The proper proportion of fine to coarse aggregate was found to be sub- 
stantially the same as previous investigators of this type aggregate had been 
reporting for almost 20 years. The fines should be approximately 50 percent 
by volume, the exact ratio depending on the cement factor. This provides a 
good balance between the workability imparted by the aggregate and by the 
entrained air, at the same time maintaining satisfactory strengths. The 
percentage of fines should be reduced to about 40 percent by volume in de- 
signing low-strength “fill” concrete. 


Admixtures 

Admixtures were investigated and it was found that blow-sand, stone dust, 
lime putty, hydrated lime, bentonite and air were all good internal lubrica- 
tors. Sand and stone added to the weight; lime and bentonite were ex- 
pensive and rather difficult to use while air was economical, easy to use, and 
reduced the weight with no significant loss in strength. It was found that 
air-entraining cements did not produce sufficient air. Air-entraining agents 
were then thoroughly tested. Better results were obtained from neutralized 
Vinsol-resin solutions and were, therefore, specified. 

The porosity of the aggregate made it difficult to accurately measure 
the entrained air but it is believed best results have been obtained by en- 
training approximately twice the amount which is considered good practice 
for heavy concrete made with 14- to 1!o-in. aggregate. A check of wei 
weights on a number of jobs with and without air indicate an entrainment 
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of from 6 to 8 percent. To obtain this amount, approximately twice the 
amount of Vinsol-resin solution specified for heavy concrete is used, that is, 
from 1 to 2 oz per bag of cement. A well-designed mix of graded clay or 
shale aggregate, particularly in respect to the fines, plus the proper use of a 
neutralized Vinsol-resin solution, will produce lightweight structural concrete 
at normal cement factors that is as easy to handle in every respect as first- 
class heavy concrete. In fact, many contractors have reported that its plac- 
ing, puddling and finishing properties are superior to average heavy concrete. 

Air is entrained in clay and shale concrete primarily for workability, not 
increased durability, and the criterion was that amount which produced 
concrete having substantially the same puddling, finishing, and bleeding 
properties as well-designed heavy concrete. 

It has long been accepted that as the top size of the aggregate is reduced, 
there must be proportionately more air entrained to produce the same result 
in the concrete. It has also been found that, for a given volume of entrained 
air, the reduction in strength is about half as much for small aggregate as for 
large aggregate. In other words, twice as much air can be entrained in small 
aggregate concrete with the same loss in strength as for large aggregate con- 
crete. This has been confirmed many times in testing expanded clay and 
shale concrete which has a top aggregate size of 34 in. 

One large concrete structure was successfully built with a combination 
lightweight and blow-sand aggregate. The mix was designed by combining 
an expanded aggregate blend with a small amount of blow-sand and the air- 
entraining agent was eliminated. A densifying retarding admixture was used 
since hot, dry weather prevailed during most of the concrete work. A cement 
factor of seven bags per cu yd was used and average compressive strengths 
were from 2700 psi at 7 days to 5600 psi at 90 days. The air-dried weight 
of this concrete was 96 lb per cu ft, which still shows a substantial dead load 
advantage over heavy concrete. A strength curve for this concrete is plotted 
on Fig. 2. 

Compressive strength curves for 13 sets of cylinders, from the expanded 
lightweight blow-sand structural job are shown in Fig. 3 for the period from 
7 to 90 days. This was the first concrete mixed on one of the earlier jobs and 
the control methods necessary to maintain a constant slump had not then 
been fully developed. This is reflected in the 7-day compressive strengths 
which varied from about 4200 to 1800 psi, 40 percent plus or minus the aver- 
age. However, it is interesting and possibly significant to note that the 90- 
day strengths on these same 13 sets of cylinders only varied from 6000 to 4600 
psi, 7 percent plus and 18 percent minus the average. Further, 10 of the 13 
sets were between 5500 and 6000 psi at 90 days. Expanded clay and shale 


concrete is within the same range of strength uniformity as average heavy 
concrete at later ages, that is, from’ 28 to 90 days, even though some of the 
earlier jobs were somewhat more erratic at 7 days. 


Slump, cement factor, and water-cement ratio 


Other curves on Fig. 2 are from expanded clay and shale structural con- 
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Fig. 3—Compressive strength of lightweight concrete made of blended aggregate, blow sand, 
und a retarding admixture. 7-sack mix: 13 sets of test cylinders 


crete jobs at various slumps and cement factors. All of this concrete, except 
the “‘blow-sand”’ mix had an air-entraining agent added and all but one were 
mixed with a densifying type of admixture. Strengths range from 2600 to 
1300 psi at 28 days and from 3850 to 5300 psi at 60 days. Cement factors 
were from 5.0 to 7.0 bags per cu yd. 

Fig. 2 shows two job curves of particular interest. Curve No. 1 showing 
the 6.0 bag mix indicates strengths of 1460 psi at 7 days, 3150 at 28 days and 
3781 at 60 days. To overcome a difficult placement problem, it was nec- 
essary to use a 7!o-in. slump with a correspondingly high water-cement 
ratio. To eliminate bleeding, 2 oz of air-entraining agent per bag of cement 
was added. Concrete was designed for 2500 psi at 28 days. The control on 
this job was excellent, the high slump being usually held within !5 in., but 
the effect of the high water-cement ratio is clearly shown. 

Curve No. 2, Fig. 2, shows the same expanded aggregate placed under 
opposite water-cement ratio conditions. It represents about 6000 cu yd of 
concrete on a large Youtz-Slick jJack-lift slab job. The specifications required 
3000 psi conerete at 28 days and the laboratory designed a mix with 5.0 
bags of cement per cu yd, insisting on almost perfect aggregate gradation 
and proportions. The ready-mix plant cooperated by charging the mixer 
drum with water, air-entraining agent, and aggregate first and then running 
the truck through the line a second time to take on cement. This gave the 
Vinsol resin a chance to thoroughly disperse in the water and aggregate and 
produce maximum workability with minimum water. With this mixing 


eyele, only 11% oz of Vinsol-resin per bag or 7!5 oz per cu vd of concrete 


was required to produce a workable, easily-placed concrete at a slump of 
from 2 to 3 in. The results of this careful control and splendid cooperation 
can be seen from the compressive strength curves. The average was 2652 
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psi at 7 days, 3860 psi at 28 days and 4523 psi at 75 days. These averages 
included over 100 sets of cylinders at each age and their uniformity was re- 
markable. There was no set of cylinders at any age more than * 5 percent 
from the average. This concrete cost $2.30 more per cu yd than sand-gravel 
concrete with the same cement factor at this plant. 
Volume loss 

Several hundred trial batches disclosed an unexpected economy in the 
total volume of clay or shale aggregate required to produce one cu yd of con- 
crete. It was found that a vard of concrete containing from 5.0 to 6.5 bags 
of cement per cu yd at a 4-in. slum, could be made with from 32.0 to 30.5 cu 
ft of aggregate, measuring the fines and coarse separately. This is about 12 
percent less than the volume of separate sand and gravel required. It was 
also determined that the volume loss in combining fine and coarse aggregate 
was considerably less for the clays and shales. They will lose from 7 to 9 
percent as compared to about 20 percent for a typical sand-gravel combina- 
tion. 

While it has not yet been used for design purposes, the absolute volumes of 
fine and coarse clay and shale aggregate, as determined from bulk specific 
gravities run by the method described earlier, are of interest (Table 2). 


FIELD MIX DESIGN AND CONTROL 


It was now necessary to develop a simple workable method of design and 
control whereby the commercial laboratories could work with the ready-mix 
companies to provide uniform high-quality expanded clay and shale aggre- 
gate concrete with no penalty to the laboratory, ready-mix plant, or con- 
tractor except, of course, the additional cost of the aggregate itself. And, 
for the first time, it was necessary to depart from the established practices 
associated with good design and control of heavy concrete. Since the sat- 
uration is variable, it was impossible to obtain a correct value for the “‘sat- 
urated surface dry’? condition. This also made it impossible to determine 
reliable or constant values for bulk specific gravity and absolute volume 


Since most commercial laboratories use these values in one form or another 


in their design and control work, they were at a loss as to how to proceed 


TABLE 2—ABSOLUTE VOLUMES OF TYPICAL SAND, GRAVEL, AND LIGHTWEIGHT 
AGGREGATES 


Ty pical expanded clay 
or shale Typical 
gravel 

Fines Coarse 


Weight, cu ft loose 
and dry, Ib 50.0 8.9 105.0 
Bulk specific gravity 1.150 1.205 2.520 


Absolute volume in one 
cu ft, loose and dry 0.697 0.650 0.668 
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Many laboratory trial batches demonstrated that the moisture-free weight 
was fairly uniform. The proper ratio of fines to coarse by volume and the 
total volume of aggregates required to produce a cubic yard of concrete at 
various slumps and cement factors, all on a moisture-free basis, was 
determined. The proper moisture-free volumes were converted to pounds 
for the basic design weights. A moisture test was run on the stockpile aggre- 
gate and the amount found was added to the design weights for the batching 
weights. This provided a uniform and constant volume every batch. It 
made no difference whether the aggregate was saturated, partially saturated 
or contained free water. The true volume was not affected regardless of 
whether the moisture in the aggregate had been there two hours, two days, or 
two months. 


Mixing water was added by trial until the desired slump was obtained. It 
was then found this same amount of water would continue to produce the 
same slump on that day from that particular stockpile of aggregate. At 
first thought, this may seem to be a rather haphazard way to handle mixing 
water but actually such is not the case. After a little experience, the control 
technician would invariably get the correct amount to add by the second or 
third batch, and it is the only simple method by which the water-cement 
ratio could be uniformly maintained. 


The amount of water absorbed by the aggregate during mixing, transport- 
ing and placing varies depending on job and aggregate conditions. Further- 
more, it cannot be calculated or exactly determined in advance by tests. In 
other words, this fraction of the total water added at the mixer is a variable 
affected by (1) the amount of initial water absorbed in the aggregate, (2) 
the length of time this water has been in the aggregate prior to its being used, 
(3) if ready mixed, the average travel time from plant to job, and (4) the 
average time on a particular job from the discharge of the mixer until the 
concrete is in place. However, the fraction that is not absorbed and remains 
outside the aggregate to produce the cement paste, that is, the effective 
mixing water, remains the same provided the slump is the same. And thus, 
the water-cement ratio can be effectively controlled by the slump provided 
the slump is always taken at the same point in the travel of the concrete 
from mixer to final placement. 


To sum up this method of design and control, it was found that the 
material was constant only when moisture free so that condition was used 
for the basic weight or volume of aggregates. It was also found that, of the 
total amount of water required, the only constant fraction was that part which 
was not absorbed by the aggregate. This made it necessary to measure that 
fraction by maintaining a uniform slump rather than by pounds or gallons. 


This method has one drawback, since the exact amount of water absorbed 
in the aggregate is unknown it is difficult to determine the exact water-cement 
ratio. However, it is not difficult to hold a uniform slump and, when this is 


done, design strengths are developed consistently. 
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The slump cone test for consistency was found to be much more sensitive 
for expanded clay and shale than for heavy concrete. It also has a different 
scale of values. Well-proportioned lightweight concrete with proper handling 
of the Vinsol-resin solution has about the same workability at a 2-in. slump 
as heavy concrete at 4 in.; 4-in. slump clay or shale lightweight concrete is 
comparable to 6-in. slump heavy concrete. 

An example of the control possible by this method can be illustrated by 
the last three sets of cylinders broken on a large structural concrete job in 
Dallas. The design trength is 4000 psi in compression at 42 days. The aver- 
age of nine cylinders, (which made up the three sets), was 4044 psi with the 
lowest 3993 psi and the highest 4232. This is somewhat better than average 
control but results generally have been as consistent as average heavy con- 
crete tests. 

PRE-WETTING OF AGGREGATE 


The pre-wetting of absorbent lightweight aggregates such as expanded 
clays and shales has been discussed in almost every paper on the subject 
and it has been generally recommended. However, it was found impractical 
in fact, almost impossible—to uniformly pre-wet the aggregate after it had 
been delivered and put in stockpiles or bins. This was particularly true of the 
fines. ‘To wet them uniformly, some system of tumbling or agitation was 
necessary and this was too costly at the average ready-mix plant or job site. 

It was found that water could be sprayed on the material while it was 
being moved on a conveyor and a uniform amount, ranging from 4 percent 
for expanded shales to 12 percent for expanded clays, could be introduced. 
With this amount of moisture, the aggregates still flowed and handled easily. 
In fact, there were a number of advantages. 

The aggregate was less dusty and disagreeable to handle. 
Practically all segregation was eliminated. 


There was little or no loss of valuable fines from the fine aggregate 


Lh. 
2 
3. There was less loss from the car while in transit due to wind or rough handling. 
j 
5. 


This was sufficient pre-wetting so the concrete could be successfully mixed and 
controlled “ithout any additional moisture being added, except in the mixer. 

After experience on a few jobs using pre-wetted aggregate, it was adopted 
as standard and practically all subsequent shipments for structural concrete 
were made with the aggregate in that condition. Many moisture tests on 
stockpiled aggregate have shown that the fine grade of expanded clays and 
shales hold their plant-introduced moisture for a long time. Unless the ma- 
terial has been in stockpile or storage bin for several weeks during hot, dry 
weather, evaporation does not penetrate deeply. Some ready-mix plants 
wet the top of their stockpiles every few days and the damp crust holds the 
moisture in the pile. As would be expected, coarse aggregate loses its moisture 
more quickly but wetting the surface of the stockpile or bin-stored material 
also protects it quite effectively. 

Further pre-wetting before mixing under this system of design and control 
is neither necessary or desirable and is not recommended. Aggregate pro- 
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ducers, designers, ready-mix plant operators and contractors were quick to 
realize its many advantages and the slight additional transportation cost was 
considered money well spent. 


MIXING CYCLE 


It is very important that the Vinsol-resin solution be permitted to dis- 
perse in the mixing water before the aggregate and cement are introduced into 
the drum. The ideal cycle has been found to be 15 or 20 seconds with mixing 
water and Vinsol resin only in the drum. Then 30 to 40 seconds with the 
aggregate added, followed by a minute after the cement is put in. This re- 
quires a total mixing time of approximately two minutes. In many pre-mix 


and transit-mix operations, this cycle can be followed without any penalty 


over mixing heavy aggregate concrete. Many transit mix plants are set 
up so that water and aggregate are loaded at a different place than cement 
and the 40-second mix of water, Vinsol resin, and aggregate takes place while 
the truck is moving to the cement spout. By far the most important thing is 
to give the Vinsol resin a few seconds to disperse in the water prior to adding 
aggregate or cement so, if it is entirely impractical to add aggregate and 
cement separately, this part of the cycle can be dispensed with and aggregate 


and cement added together. 


Many ready-mix operations were checked while they were batching either 
expanded clay or shale concrete and heavy concrete at the same time. Stop 
watch timing revealed that both types required the same time, give or take 
a few seconds. In some plants, lightweight was faster and in others slightly 
better time was made on heavy concrete. Regardless, the travel time from 
the plant to the job was always less for the lightweight concrete and more 
than made up the extra batching time required, if any. On a typical city 
delivery with several stops and starts at traffic lights and the like, the truck 
time saved in moving off with 5 cubie yards of expanded clay or shale at, say, 
12,800 Ib over an equal volume of heavy concrete at 20,000 Ib is considerable. 
Truck drivers have been quick to notice this and also the reduced wear and 
tear on their equipment. 

In lightweight concrete, coarse aggregate is coisiderably lighter than the 
cement paste. The slow drum speed of 6 or 7 rpm during travel does not 
provide enough agitation to keep the mixture uniform and homogeneous. 
When arriving at the job, if the drum is discharged at this slow speed as it 
usually is on heavy concrete work, all the mortar comes out first and is then 
followed by virtually pure coarse aggregate. This can be eliminated com- 
pletely by turning the drum at high speed for thirty seconds or so before 
unloading. This simple precaution which adds nothing to either time or 
cost will result in the discharge of uniform homogeneous concrete throughout 
the whole load and usually the drum can be cleaned out more completely 


than it can on heavy concrete. 
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CONSTRUCTION ECONOMIES 


Early in 1950, when this type of concrete commenced to be used for large 
structures in the area, it was difficult to get contractors to realize the econ- 
omy that could be effected in designing and building forms to support 90- or 
95-lb wet concrete rather than 150-lb concrete. However, during the past 
vear, as more and more lightweight concrete was placed, this has been gen- 


erally recognized and lighter forms are now the rule rather than the exception. 


A worthwhile reduction in handling costs has been reported on almost every 
large clay and shale structural iob. A Corpus Christi contractor, after placing 
about 6000 cu yd on a jack-lift slab job, said, 

The puddling and placing cost of the expanded clay concrete was about 15 percent 
less than my current costs on heavy concrete. This is due to less weight and greater 
mobility in handling. Cost of finishing floor slabs was approximately the same as for 
heavy concrete. The speed with which we were able to handle this concrete enabled 
us to stay ahead of schedule. We originally scheduled our last concrete for December 
17, 1951, but were so far ahead that we actually had the concrete placed and all ow 
masonry completed at that date. 

A Dallas contractor, building a seven-story building with expanded shale 
reinforced concrete frame and floors stated, 

Our handling costs of expanded shale concrete, including lifting, placing and puddling 
have been from 75 to 80 percent ot the costs we are getting on similar heavy concrete 
jobs. It has been costing us about $5.00 per yard to perform these operations on heavy 
concrete jobs and our costs on this job are running about $4.00 per cu yd teduced costs 
are due to lighter weight and better workability of the expanded shale conerete. My 
men like working around lightweight concrete. When we place a slab, the lack of bleed- 
ing has reduced the drip through forms to the floor below 1— practically nothing and 
this improves working conditions. Also, there is less clean-up work required and this 
helps reduce costs. After finishing these floors and several other large jobs using the 
same type of lightweight aggregate concrete, I have found no difference in finishing costs 
As near as I can figure, they are the sume. 

In addition to these economies, this contractor designed the forms on this 
building for 100 lb per cu ft wet weight concrete, rather than 150 Ib and 
affected a worthwhile savings. 


CONCLUSION 


It is not desired to give the impression that there are no difficulties in- 
volved in the use of expanded clay and shale aggregate structural concrete. To 
develop the advantages of this material, the aggregate, by necessity, must be 
porous. The resulting high absorption creates problems in design, control, 
and mixing. For this reason, it is more difficult to provide several thousand 
cubic yards of uniform expanded clay or shale concrete which can be eco- 
nomically handled than to deliver the same volume of heavy concrete. How- 
ever, it can be made a practical, economical and successful operation with the 
serious problems overcome by careful attention to details which do not in- 
volve additional cost. 

During the past two years, expanded clay and shale lightweight concrete has 
been developed in Texas to a point where it is now a successful structural 
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material. It can be used for any reinforced concrete work and on many jobs 
above grade it will show a substantial economy over heavy concrete design. 
This development has been made possible by making full use of the avail- 
able technical literature plus a cooperative and realistic attitude on the part of 
aggregate producers, structural designers, ready-mix plant operators, con- 
tractors, and commercial laboratories. Results equal to or perhaps better 


than those obtained in Texas can be obtained in other areas by similar joint 


cooperation. 
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Title No. 49-4 





Additions to the Building Code to apply more 
directly to small home construction are urged. 


Use of Concrete in Residential Construction’® 


By C. O. CHRISTENSONT 


SYNOPSIS 


Discusses the need for provisions in the ACI Building Code to meet the 
specific requirements of home construction. Briefly describes research in hous- 
ing problems in the United States. Gives typical designs for concrete founda- 
tion slabs for homes in mild and cold climates. Llustrates the use of tilt-up 
construction in a multiple housing project. 


INTRODUCTION 


The use of over three million square feet of concrete floor slabs alone in 
1951 emphasizes the volume of concrete involved in home building as well 
as the importance of knowledge of good practice on the part of home builders. 
The Building Code Requirements for Reinforced Concrete, revised and 
adopted as a Standard by the American Concrete Institute in 1951, provide 
the best basic structural design requirements for concrete in residential as 
well as commercial construction. This important standard is incorporated 
in the government housing agencies’ minimum requirements for concrete 
and provides the “yardstick” for the home builders of this country. The 
relatively light loads involved in small one- and two-story dwellings make it 
highly desirable to consider including either an additional section or a separate 
section in the ACI Code specifically applicable to house construction. 

To demonstrate some of the problems of the residential builder and how 
they are solved suggestions for foundation design for small basementless 
houses are given. The application of tilt-up construction to the mass pro- 
duction of multiple dwellings is shown by a number of photographs taken 
during the course of such a project. 


RECOMMENDATION 


It is urged that careful attention be given by the Institute to the need 
and desirability of having a separate section of the Building Code Require- 
ments for Reinforced Concrete devoted to small dwelling construction. Many 


*Presented at the ACI 48th annual convention, Cincinnati, Ohio, Feb. 27, 1952. Title No. 49-4 is a part of the 
copyrighted JouRNAL OF THE AMERICAN CONCRETE INstrITUTE, V. 24, No. 1, Sept. 1952, Proceedings V.49. Separate 
prints are available at 35 cents each. Diseussion (copies in triplicate) should reach the Institute not later than Jan. 
1, 1953. Address 18263 W. McNichols Rd., Detroit 19, Mich 

+Member American Concrete Institute, Associate Director, Technical Dept., National Assn. of Home Builders 
Formerly Chief Engineer, Federal Housing Administration. 
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small home builders in the United States do not have an engineering staff 
and therefore would find it highly constructive to be provided with an author- 
itative medium which would simplify their present problems in° choosing 
proper aggregates, proportions, mixing, job placing or casting, finishing, and 
curing. Housing agencies would welcome this guide for their minimum 
requirements. A satisfactory “end result” with concrete construction, like 
most other materials, depends greatly upon the capability and knowledge 
of the user. Improved durability and service performance of small dwell- 
ings will increase in proportion to the technical advancement of applicable 
requirements and standards. It is believed that possible changes and addi- 
tions to the ACI Building Code applicable to small dwellings and justified 
by technical data and experience can do much to benefit the American home 
owner. 


CODE NEEDS FOR SMALL BUILDINGS 


The relatively light compressive loads involved in small dwellings merit 
careful attention in relation to present building codes. In a typical two- 
story house accumulated load on a 6-in. wall at the first floor sill level may 
range between 50 to 100 psi depending upon wall, floor, and roof construction 
and openings. In a one-story house of masonry construction, foundation 
loads may be well below 40 psi on the 6-in. wall. While it is recognized that 
density and durability are involved, it is believed that we have sufficient 
experience with existing dwellings to justify acceptance of both plain and 
reinforced concrete foundations and exterior walls of lower strength than the 
present ACI Code requires where severe climate exposure, sharp changes in 
temperature, or unstable soil conditions, are not involved. Regulations pro- 
viding for acceptance of reinforced concrete of less than the present 2000 psi, 
subject to specific limitations, are of particular significance to cover light- 
weight-aggregate structural elements. The natural clash between high in- 


sulation and high strength properties necessitates determining satisfactory 


minimums which permit lower costs and encourage maximum conservation 
of critical materials. 
HOUSING RESEARCH 


Present laboratory and accurate scale house model investigations and 
research analysis being conducted under the active sponsorship of the Hous- 
ing and Home Finance Agency in cooperation with the Portland Cement 
Assn., National Bureau of Standards, National Assn. of Home Builders, 
Federal Housing Administration, Veterans Administration, and other in- 
terested organizations at the Southwest Research Institute, University of 
Illinois, Purdue University, and other qualified laboratories, will provide 
valuable technical data and basic conclusions badly needed on concrete slab 
foundations and floors on ground, and on the use of lightweight aggregates 
in exterior wall and slab construction. Equally important allied problems 
of insulation and prevention of condensation and dampness are under joint 
investigation. 
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SLAB DESIGN 


At present the home builder finds serious need for basic design guidance 
on such increasingly important structural elements of the house as the mono- 
lithic type of concrete slab foundation frequently termed a “floating slab 
foundation.” 
for many years not only for dwellings built on unstable soil such as is found 
in parts of Texas, Oklahoma, California, and other localities, but also in 
severe climate areas such as Ft. Wayne, Indiana; Minneapolis; and Boston. 
The major problem at present is that the present design details are fixed on 
the basis of anticipated highly severe conditions. It is quite important, 
therefore, to develop tangible engineering data which will provide an effective 
design guide for a specific house structure to be constructed on a site with 
determined physical properties of the soil as a result of a possible simplified 
site investigation procedure. 

The Bentonitice clays and other soils of high volumetric change, including 
adobe, which occur in many areas of the United States are troublesome 


This type of foundation has proven structurally satisfactory 


particularly from the effects of alternate long period rainfall and long period 
dry weather. The forces developed when these soils expand have been com- 
puted at the University of Texas to exert a force of over 30,000 psf. It is 
obvious that many common building materials would fail under such ex- 
pansive force. <A floating type of concrete slab foundation over unstable 
soil subject to periodic high volumetric change will require reinforcement 
sufficient so that the slab successfully will resist applied loads when supported 
uniformly only in the center area during dry periods and conversely resist 
live loads when supported effectively only at the corners when the soil has 
expanded from water saturation. Conventional foundations under such 
conditions might permit cracking of rigid house construction and in frame 
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Fig. 1—Minimum sectional dimensions and reinforcement for concrete slab floating foundation 
for small one-story houses in cold climates 





40 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 19592 


construction could cause sticking of doors and windows, uneven floors, or 
worse. In homes having crawl space and interior pier and beam foundations 
it is frequently necessary to shim up over interior beams and girders during 
rainy periods, and remove the shims during dry spells, continuing this opera- 
tion in accordance with weather conditions. 

Fig. 1 and 2 illustrate slab foundations which have been used for base- 
mentless houses. Fig. 1 represents a concrete foundation slab proposed for 
small dwellings where severe winters prevail. Fig. 2 represents a concrete 
foundation slab used where mild climate is normal. 

Engineers and builders sometimes differ on the minimum details necessary 
to assure satisfactory performance. Design details include amount of rein- 
forcement, and depth of perimeter eam and concrete beam sections under 
interior bearing walls such as shown in Fig. 1 and 2. Obviously a more heavily 
designed foundation is required for a masonry house than for a frame struc- 
ture. However, until conclusive investigation data is available, it is desirable 
as far as possible to require minimum details proved by actual experience. 


TILT-UP CONSTRUCTION OF HOUSING 


Concrete dwelling construction which represents structural features used 
extensively are illustrated in the following photographs. The tilt-up method 
of concrete construction provides possible material cost advantages and 
simplicity especially in reduction of required formwork. Horizontal casting 
of the wall sections eliminate all the usual forms with the exception of edge 
formwork. 

The monolithic foundation walls without separate footings are of partic- 
ular interest as well as the special type of exterior concrete wall having double 
wythes with interior insulation. The precast hollow core type of concrete 
floor construction and the job operations illustrated indicate efficient engi- 
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ment shown is for stable soil only. Over alternate expanding and contracting soils minimum 
of 4— # 6 perimeter steel, * 4 bars at 12-in. centers both ways in general slab area, and beam 
depth of 24 in. may be required 





CONCRETE IN RESIDENTIAL CONSTRUCTION 41 


neering design and job control. These photographs were taken at the mili- 
tary housing project of one- and two-story buildings at Great Lakes, Illinois, 
Naval Base. The contractor, Corbetta-Price Co.; the Federal Housing 
Administration; the Portland Cement Assn.; the Navy; and the National 
Bureau of Standards jointly conferred during the preliminary analysis of the 


special concrete details and specifications involved. 


Foundation trenches are dug by machine. 
Foundation walls are 3 ft deep, 8 in. thick 
at the top and spread out to 16 in. at the base. 
Panels form the sloping outside face of the 
foundation walls. Rigid waterproof insulation 
2 in. thick serves as the inner form. It is held 
in place by nailing to 2x6's aligned and 
staked along inner face of wall. The 2x6's 
are removed after the concrete hardens. In- 
sulating material is left in place to provide the 
required edge insulation of floors 


Wooden blocks set in top of concrete founda- 
tion wall act as spacers and nailing blocks for 
forms used later in casting floor slab. Wedge- 
shaped foundation forms used for outer wall 
face have been removed and are at right. 
Plumbing assemblies are made at central 
plumbing shop 


As soon as plumbing is in place, 4 or 5 in. of 
washed gravel is spread over floor area. 
Vapor barrier is laid over gravel 


Rubber tubes form ducts in floor for forced 
warm air perimeter heating system. Tubes are 
laid on vapor-proof paper and inflated to 8-in. 
diameter. Reinforcing mesh is placed over 
tubes, screeds are set, and concrete slab is 
placed and steel troweled. After slab has 
cured rubber tubes are deflated and removed 
through openings left for that purpose. Form- 
work is removed and foundation structure is 
ready for wall erection 
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Section of me ag wall. Inner and outer walls 
are tied together with J-shaped metal wall ties. 
Foamglas between inner and outer walls pro- 
vides insulation and complete vapor barrier 
insuring warm dry walls 





Concrete casting beds for walls. Plastic 
coated plywood is nailed to embedded 2x4's 
to give smooth finish to inner wall surface cast 
on it 


Casting beds are 300 ft long and 10 ft wide. 
All walls for largest building in project can 
be cast in one bed. Edge forms are set and 
on oil a gee to plywood and to edge 
forms. Steel windows and door frames are 


then set in place. shacoage * c>3 lifting plates 


are also set in the forms elding plates tie 
adjoining wall sections together and tie walls 
to roof and floor sections. Lifting plates pro- 
vide means for handling sections by crane 


Concrete crew begins casting wall by placing 
a 2-in. layer of concrete 


Steel setters lay precut flat sheets of 4x4-4/4 
welded wire fabric 





When concrete crew reaches end of wall 
section men double back and begin placing 
second 2-in. layer of concrete. Since only a 
few minutes elapse between pases of first 
and second layer they actually become one 
4-in. layer of concrete with reinforcing accu- 
rately located in the middle. This is 4-in. 
inner wall 


As soon as concrete crew has placed inner 
wall and smoothed fresh concrete insulation 
crew places 1'4-in. thick blocks of Foamglas 


Steel setters punch J-shaped wall ties through 
insulation and into concrete below 


Precut flat sheets of 2 x 2 - 10/10 reinforcing 
mesh is laid down and tied to J bolts. Con- 
crete crew, which has been working on adjacent 
wall section, returns and places final 2'%-in. 
layer of concrete which constitutes outer wall 


Exposed face of wall section becomes outer 
face of wall when erected. Smooth or tex- 
tured finish may be applied or special designs 
may be imprinted as is being done here by 
pressing relief mold into the fresh concrete. 
After desired finish, waterproof paper is 
placed on surface and walls are allowed to 
cure 
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Vacuum pad used to tilt up wall sections after 
curing. Sponge rubber strips cemented to face 
of pad provide seal between pad and wall. 
Edge forms are moved outward away from 
wall section and crane lowers vacuum pad 
into position. Wacuum pump, mounted on 
rear of crane, creates partial vacuum sufficient 
to permit lifting of slab 


Wall section is placed on A-frame on semi- 
trailer for transport to building site within 
Ya-mile radius of casting yard 


Grout is spread on foundation, crane lifts 
wall section from trailer and sets it in place on 
grout. Braces are installed and wall is plumbed 
by adjusting turnbuckles in braces 


Crane places precast concrete floor units 
Welding plates cast in floor units match those 
in walls. After welding is completed wall 
braces are removed. Strips of insulating ma- 
terial are inserted in joints between sections 
which are then caulked 


Second story walls and precast roof units are 
erected in the same manner. Buildings are 
then ready!for partitioning, glazing, installa- 
tion of utilities, application of portland 
cement paint, and other finishing details 
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Practical Design of Thin Retaining-Wall Footings® 


By R. P. V. MARQUARDSENT 


SYNOPSIS 


Approximate formulas are presented for locating the points beyond which 
soil pressure does not affect bending and shearing stresses in the footing. A 
means of ascertaining the net vertical soil pressures and the resulting shears and 
bending moments is included. Once these values are established, the design 
of the footing may proceed in the usual manner. 


INTRODUCTION 


In designing retaining-wall footings it is customary to take for granted 
that the unit soil pressure varies uniformly throughout the width of .the 
footing. In other words, it is assumed that, as far as soil pressures are con- 
cerned, the footing is absolutely rigid. 

Although this design assumption is reasonably accurate for footings of 
gravity and semi-gravity walls, it is evident that it should not be used for 
thin footings, since, due to their flexibility, the unit soil pressure will not 
vary uniformly. A footing may be considered to be a thin footing when the 
ratio of its depth or thickness to the distance projecting beyond the face 
of the wall is less than 0.15. A pertinent example is the footing for walls of 
preliminary settling tanks, such as is shown in cross section in Fig. 1. 

Here, obviously, the flexibility of the footing must be considered to obtain 
satisfactory results, since there will be a point, on either side of any wall, 
where the effect of the soil pressure becomes practically nil as regards bending 
and shearing stresses in the footing. 

An exact solution to the problem probably is not possible, nor would it 
find any practical application, but an approximate solution, sufficiently 
accurate for all practical purposes and not too cumbersome to apply, may 
be had by introducing certain reasonable assumptions to facilitate the 
derivation of the necessary equations. 

Approximate equations are presented for locating the points beyond which 


335-0" 33°" 





Fig. 1—Cross section of alter- Empty 
nately full and empty tanks 77 
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the effect of the soil pressure is practically nil (as far as bending and shearing 


stresses in the footing are concerned) and for ascertaining the net vertical 
soil pressures and the resulting shears and bending moments. Once these 
values are established, the design of the footing may proceed in the usual 
manner. 


NOTATION 


weight of wall, lb 
net depression of soil (or soil de- 
pression relief, as the case may be), 
ft. Equals ordinate of elastic curve 
of cantilever L 

= coefficient of elasticity of the footing 
material, psf 
coefficient of 
soil, Ib per sq ft of area per ft of 


“depressability” of the 
depth (or per cu ft, as it is usually 
expressed). If 1 ft length of footing 
is used, the coefficient of soil de- 
pressability may be expressed in 
psf. Sometimes called the found- 
ation coefficient 

total horizontal water pressure on 
wall, Ib 


moment of inertia of footing cross 
section, ft* 

length of cantilever, ft 

bending moment, ft-lb 

normal distance between line 
application of H and center of 
footing, ft 

thickness of wall, ft 


= shear, lb 
= total vertical water pressure on the 


slab (= weight of water), lb 
horizontal distance from free end of 
cantilever to point under consider- 
ation, ft 

unit vertical net soil pressure on 
footing, lb per linear ft 

unit vertical water pressure on slab, 


lb per linear ft 


Some of these symbols are qualified by sub-letters (such as C, H, W, and X) 
as for instance Me> or Mex. In such eases, the sub-letters indicate the cause or 
position (or both) of the quantity expressed by the main symbol. For example, 
M being a bending moment, M¢ is the bending moment caused by the wall 
weight C, and Mey the bending moment caused by C at a distance X from the 
free end of the cantilever. 


ASSUMPTIONS 


To facilitate derivation of equations, the following assumptions (approxi- 
mating actual conditions in a greater or lesser degree) are made: 

1. The footing of a wall; 7.e., the portion of the slab subject to bending, is homo- 
geneous and of constant section throughout its length and width. 

2. The weight of the footing has no effect on shearing and bending stresses, since 
only net forces affect the design. In other words, the footing may be considered to 
he weightless. 

3. The width of the cantilevers (equal to the length of the wall) is taken as 1 ft. 

4. The depression of the soil supporting a load is directly proportional to the 
magnitude of the load. For instance, if a load of 200 psi depresses the soil 1 in., a 
lead of 400 psi would depress it 2 in. This assumption, though not rigorously true, 
probably is fairly accurate within working limits. 

5. The theory of super-imposition applies; 7.e., the effects on a footing produced 
by the weight of the wall, by the weight of the water, and by the horizontal hydraulic 
pressure, may be determined separately and then added algebraically to obtain the 
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total effect. In determining these effects, each of the three loads will be assumed 
to be supported by a cantilever on either side of the wall. This involves a slight error 
since a negative moment actually occurs at the free ends of the assumed cantilevers, 
necessitating reinforcement to prevent cracking. However, since temperature steel 
should be, and generally is, provided at top and bottom faces in both directions 
such required reinforcement will be supplied automatically. 


EFFECT OF WEIGHT OF WALL 


To determine the effect of the weight of a wall on its footing, consider the 
problem illustrated in Fig. 2. At (a), the dine abed represents a weightless 
slab of uniform thickness and indefinite width, resting on the surface of the 
soil and supporting the wall load C. Distance be represents the portion of 
the slab in which bending occurs as the soil depresses under the load C (as 
indicated by the broken line be), or in other words, distance be is the width 
of the footing as far as the wall load C is concerned. 

Since the upward unit soil pressure at any point on the slab is assumed 
to be directly proportional to the depression of the soil, the problem involved, 
under the assumptions made, is, essentially, to find a distributed cantilever 


loading, such that the load intensity at any given point is directly proportional 


to the ordinate of the elastic curve of the cantilever at that point, the origin 
of the elastic curve being at the free end of the cantilever. 

As indicated by the loading diagram (b), Fig. 2, two cantilevers (both alike) 
are involved, each being assumed to be fixed at the face of the wall. The 
length of each cantilever is Le and the thickness of the wall is 7’. 

By a cut-and-try method it has been found that Eq. | practically fulfills 
the requirements for the distributed cantilever loading stated above. The 
proof will be given later. 














Fig. 2—Effect of weight of wall on footing 
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tii “sty ss 
Cx = - IC ° ee 
ae ‘ki ‘i & , , 


Where pc is the unit soil pressure on the footing at and between the faces 


of the wall. 
By integration, the shear formula is found to be 


5(Xe\) 1(Xe\ 
Ve ’ = - Cc Le ee (2 
" Hz) at} he 


From which the maximum shear (or total load on each cantilever) is 
Ve ( ) : I (2 

c (max.) = Pe lic.. 2a) 
12 


Further integration shows the bending-moment formula to be 


- 5/Xe\!) 1/Xc\ a 
iM¢ = . Ic Lice 
. 24\ Ly 168 \ Ly ’ 


From which the maximum moment at the face of the wall is 


l 
Me (max.) = a pe Lc?... (3a) 


By applying the moment-area method, the equation of the elastic curve 
(equal to the soil-depression curve) is found to be 


33 Xe l Xc . l Xe 4 pele ‘ 
Dex = T 
448 Ly 96 \ Le 12096 \ Le IE 


From which the maximum soil depression at the face of the wall is 
31 pe Let 
756 JE 
Since the depth of the soil depression multiplied by the modulus of soil 
depressability is equal to the upward unit soil pressure at any given point, 
it follows that the area of the soil-depression curve multiplied by the modulus 
of soil depressability must be equal to the total load on the cantilever as 


De (max.) (4a) 


given by Eq. 2a, or 
181 po Le F 7 
bees = pe Li 
7560 IE 12 


From which 


(6) 


Kq. 6 shows that the cantilever length Le is independent of the weight 
of the wall and that it depends solely on the thickness of the footing, the 
material of which the footing is made, and the nature of the soil. 

Inasmuch as the total upward soil pressure on the footing is balanced by 
the downward weight C, of the wall, it follows from Eq. 2a that 


C = Le +T ) ae.. 


From which 





THIN RETAINING-WALL FOOTINGS 


TABLE 1—EFFECT OF WALL LOAD C 


Load curve, Shear curve, Moment curve, Depression curve, 
Eq. 1 Eq. 2 Eq. 3 Eq 


0.125 0.006 0002 0.125 
0.250 0.025 OO17 0.250 
0.374 0.056 0056 0.375 
0.497 0.100 0133 0.498 
0.617 0.156 0260 0.618 


0.730 0.223 0448 0.732 
0.833 0.301 0710 0.834 
0.918 0.389 1054 0.918 
0.978 0.484 1490 0.978 
1.000 0.583 2024 1.000 


6C 
Pe = rer ee ee e. o* (8) 
(Ler 67 


Table 1 lists ordinates of the load, shear, moment, and _ soil-depression 


(elastic) curves, as calculated with the aid of Eq. 1, 2, 3, and 4, respectively, 


on the basis of a value equal to unity for pe, Le, 1, and E, the soil-depression 
ordinates thus obtained being, for the purpose of comparison, multiplied by 
756/31 to make the maximum ordinate equal to unity. 

A comparison between the ordinates of the load curve and those of the 
soil-depression curve shows that the adopted load curve given by Eq. 1 is 
sufficiently accurate for all practical purposes. 


EFFECT OF WEIGHT OF WATER 


Fig. 3 indicates the effect on the wall footing of the weight W of the water 
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Fig. 3—Effect of water on one side of wall 





50 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1952 


on the slab. In Fig. 3 (a), the line abcde represents a weightless slab of uni- 
form thickness and indefinite width, resting on the surface of the soil and 
supporting the water load W (equal to a unit load w per linear ft for an in- 
definite distance on one side of the wall, there being no water on the other 
side). Line bed represents the portion of the slab in which bending occurs 
as the load W depresses the soil (as indicated by line a’b’c’de). In other 
words, line bed is the width of the footing as far as the water load W is involved. 

The gross (or actual) soil depression under the footing is indicated by the 
area bede’b’b and causes upward pressures on the footing. These pressures 
are counteracted by the downward vertical water pressures per linear ft, 
w, so that the net soil pressures on the footing (to be used in designing) are: 
Area b’c’c’’b’ represents a soil-depression relief, or the difference between 
the downward pressures of the water load W and the gross upward soil pres- 
sures represented by the area bec’b’b. The net resulting pressures on the left- 
hand cantilever Ly are therefore downward. Area cdc’c represents the soil 
depression under the right-hand cantilever Lw and, there being no downward 
water load to counteract, the corresponding soil pressures are upward. 

Fig. 3 (b) is the loading diagram due to the net upward soil pressures and 
relief of soil pressures indicated at (a). The area of the downward pressures 
on be must be equal to the area of the upward pressures on cd, and it is evident 
that py at the wet face of the wall is equal to 14 w. To establish the load 
curve of either cantilever Ly, consider the water load W as being composed 
of contiguous concentrated loads (each equal to wdx) and summarize the 
effect of these loads. 

The curve for each load wdx is of course similar to the load curve given 
by Eq. 1 and the curve for the summation of all the contiguous loads there- 
fore must be similar to the shear curve given by Eq. 2, but such that py at 
the wet face of the wall is equal to py. 

Therefore, the load formula is 


15 td W . l Xw S (9) 
) ‘a. ) 5 : 
— 14\ Ly 14\ Ly sa 
In which py is equal to 4% w. Integrating, the shear formula becomes 


5 Xw \' l Xw \' 
V L : (10) 
wx | 14 ( a ) 98 ( ™ ) | Pw “ 


from which the maximum shear at the wet face of the wall (or total load on 
the cantilever) is 


i 
Va (max.) = : Pw Lw (10a) 
14 


Further integration shows the bending-moment formula to be 


5 Xw \' 1 Xw \° 
M = - w Lw? « oena 
_ | 56 ( Lw ) 784 ( Lw ) | a . ) 


From which the maximum bending moment at the wet face of the wall is 


69 
Mwy (max.) = 784 pw Ly? he ia (11a) 
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TABLE 2—EFFECT OF WATER LOAD W 


Load curve, Shear curve, Moment curve, 
Eq. 9 Eq. 10 Eq. 11 
0.011 0.000 0.0000 
0.043 0.003 0.0001 
0.096 0.010 0.0007 
0.171 0.023 0.0023 
0. 266 0.045 0.0056 


0.382 0.077 0.0116 
0.516 0.122 0.0214 
0.666 0.181 0.0364 
0.829 0.255 0.0580 
1.000 0.347 0 OS880 


Since Eq. 6 shows that the cantilever length Le is independent of the weight 
of the wall, it follows that the cantilever length Ly is independent of the 
first load wdx and that therefore 


4 ; 
IE 
Lw = =" / Pp 


(12) 


In Table 2 are ordinates of the load, shear, and moment curves, as calecu- 
lated with the aid of Eq. 9, 10, and 11, respectively, on tue basis of a value 
equal to unity for pw and Ly. 


EFFECT OF HORIZONTAL HYDRAULIC PRESSURES 


In Fig. 4 is shown the effect on .tie footing of the horizontal hydraulic 
pressures. At (a), the line abcde represents a weightless slab of uniform 
thickness and indefinite width, resting on the surface of the soil and resisting 
the overturning effect of the herizontal hydraulic pressures on the wall, 











Fig. 4—Effect of horizontal hydraulic pres- 
sures in tank on footings 
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the overturning moment being HN. 


The full line bed represents the portion of the slab in which bending occurs, 
as the soil is depressed under the right-hand cantilever and a soil-depression 
relief takes place under the left-hand cantilever, (as indicated by the broken 
line bed). In other words, the full line bed is the width of the footing as far 
as the horizontal load H is concerned. As before, the soil depression causes 
upward pressures on the footing, and the soil-depression relief is equivalent 
to downward pressures. 

Fig. 4 (b) shows the resulting loading diagram. The area of the down- 
ward pressures on the left-hand cantilever must be equal to the area of the 
upward pressures on the right-hand cantilever, and the moment of either 
pressure area about the centroid of the other area must be equal to the over- 
turning moment HN. 

A load formula that fulfills these requirements for all practical purposes 
has been established by a cut-and-try method. 


32 Xun 32/ Xu \> (13 
MH = a x - es ai 
yan 15 Lu 15 Lu + 


in which py is the unit soil pressure (or relief of soil pressure, as the case 
may be) at the mid-point of each cantilever. 

The maximum pyx is at a distance equal to 0.66874 Ly from the free end 
of the cantilever and is equal to 1.141 pz. 

By integration, the shear formula is found to be 


16/Xu \? 16/ Xun \° 
V : mn” Ly... (14) 
oh | 15 ( Lu ) 15 ( Lu ) | “i 


From which the maximum shear (or total load on each cantilever) becomes 


P 32 
| H (max.) = 15 Pu Lu ‘ é | ta) 
40 


Further integration shows the bending-moment formula to be 
£ 


16 Xun \3 16/ Xn \' 
M = Liu? . (15) 
7 | 15 ( Lu ) si8( Lu ) | re - 


From which the maximum moment at the centerline of the wall is 
32 “ 
Mun (max.) = - pu Li? (15a) 
105 


By applying the moment-area method, the equation of the elastic curve 
(equal to the soil-depression curve) is found to be 


D , 242 Xn } Xu \° 2 Xu \° | po Lut (16 
ac E $175 La 225 Lu 2835 Lu IE , » 


From which the soil depression at the mid-point of the cantilever (or the 
relief of soil depression is) 
. A ia nw Lu* 
Du (at mid point) = 0.00798 / ; - / (16a) 


Since the depth of the soil depression multiplied by the modulus of soil 
depressability is equal to the upward unit soil pressure at any given point, 
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TABLE 3—EFFECT OF HORIZONTAL HYDRAULIC PRESSURES 


Load curve, Shear curve, Moment curve, Depression curve, 
Eq. 13 Eq. 14 Eq. 15 Eq. 16 


0.213 0.011 0.0004 0.214 
0.426 0.043 0.0028 0.427 
0.635 0.096 0.0096 0.636 
0.831 0.169 0.0227 0.833 
1.000 0.261 0.0441 1.000 


111 0.367 0.0754 1.111 
135 0.481 0.1178 126 
OOS 0.589 0.1714 0.993 
0.660 0.675 0.2349 0.642 
0.000 0.711 0.3048 0.000 


1 
l 
1 


it follows that the area of the soil-depression curve multiplied by the modulus 
of soil depressability must be equal to the total load on the cantilever as 
given by Eq. 14a, or 
16 px Ly F 32 

2835 1E 4 pa Ln 

From which 

Lu = £384 — ia (18) 

VF 

The distance between the centroids of the upward and downward pressure 
areas is 6/7 Ly, and the total load on either cantilever being 32/45 py Ly 
according to Eq. 14a, it follows that 

6 


32 , 
Lu X ‘5 puln = HN (19) 
5 


i 

From which 
105 HN 

a 64 Lr? 

where py is the unit soil pressure at the mid-point of Ly. 

In Table 3 are ordinates of the load, shear, moment, and _ soil-depression 
(elastic) curves, calculated with the aid of Eq. 13, 14, 15, and 16, respectively, 
on the basis of a value of unity for py, Lu, I, and EF, the depression ordi- 
nates thus obtained being, for the purpose of comparison, divided by 0.00798 
to make the ordinate at the mid-point of the cantilever equal to unity. 

A comparison between the ordinates of the load curve and those of the 
soil-depression curve shows that the adopted load curve given by Eq. 13 is 
sufficiently accurate for all practical purposes. 


ILLUSTRATIVE EXAMPLE 


The practical application of the foregoing equations and tables can best 
be illustrated by a numerical example. Let it be desired to establish (1) a 
diagram showing the total gross unit soil pressures (including those due to the 
weight of the slab) on a 14-in. thick reinforced concrete slab supporting a 
14-in. thick wall and a water load of 750 lb per linear ft (one side of the wall 
only), and (2) shear and bending-moment diagrams resulting from the net 
soil pressures. 
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First, assume (or calculate in the usual manner) the following numerical 
values, based on a 1-ft-long footing: 


C = 2400 lb I = 0.1323 ft* 

E = 432,000,000 psf N = 4.58 ft 

F = 300,000 psf 1 1.17 ft 

H = 4500 |b ) 750 |b per linear ft 


Second, calculate the three cantilever lengths with the aid of the proper 
equations. Le = 8.26 ft (Eq. 6), Lw = 8.26 ft (Eq. 12), and Ly = 12.45 ft 
(Eq. 18); and establish the three unit pressures: 

Po = 222 |b per lin. ft (Eq. 8), pw = 375 lb per lin. ft = % w, and py 
218 lb per lin. ft (Eq. 20). 


To draw pressure diagram due to actual gross soil pressures on slab 

1. With the aid of the load-curve ordinates given in Tables 1, 2, and 3 and the 
Pc, pw, and py, values above, calculate the unit soil pressures at ten points on each 
of the three cantilevers. For instance, the wall-load cantilever unit soil pressures 
would be: For Xe/Le 0.1, pex 0.125 * 222 28; for Xc/Le 0.2, pex 
0.250 X 222 55. 

2. Choose convenient distance and unit-pressure scales and draw to scale the 
outline of the slab and part of the wall, as indicated in Fig. 5, and also the unit soil 
pressures due to the weight of the slab (equal to 175 lb per linear ft). 

3. Add to the slab-weight pressures, the unit soil pressures due to the water load 
(equal to 750 |b per linear ft) on the left side of the wet face of the wall, deducting 
the relief of soil pressures on the left side and adding the soil pressures on the right 
side, as previously calculated with the aid of Table 2 and the pw unit pressure. 

4. Add the soil pressures due to the wall load, as previously calculated with the 
aid of Table 1 and the pe unit soil pressure. 


5. Deduct the relief of soil pressures due to the overturning moment HN, on the 





- 
Wet face of wa/! 
= 


to 


7 


oT 





5 
7 
} 























Fig. 5—Unit soil pressures due to weight of slab and water load 
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Fig. 6—Shear diagram due to 
net soil pressures 
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left side of the wet face of the wall, and add the soil pressures on the right side, as 

previously calculated with the aid of Table 3 and the py unit pressure. 

6. The total gross unit soil pressure at any point on the slab may be obtained by 
scaling the vertical distance between the bottom of the slab and the heavy final pressure 
line below. 

To draw shear diagram due to net soil pressures 

1. With the aid of the shear-curve ordinates given in Tables 1, 2, and 3 and the 
Pc, Pw, and Pu and Le, Lw, and Lu values above, calculate the shear at ten points 
on each of the three cantilevers. For instance, the wall-load shears would be as follows: 
For Xe/Li 0.1, Vex 0.006 * 222 K 8.26 11; for Xe/Le 0.2, Vex 0.025 
x 222 X 8.26 = 46; etc. 

2. Plot the values of these shears to a convenient scale, as indicated in Fig. 6, by 
adding those due to soil pressures and deducting those due to relief of soil pressures, 
and obtain the total shear at any point on the footing by scaling the vertical distance 
between the line representing the footing and the heavy final shear line below (or 
nbove). 

The bending-moment diagram due to the net soil pressures may be ob- 
tained in a similar manner, with the aid of the bending-moment ordinates 
given in Tables 1 to 3 and the previously calculated pe pw, and py and 
Le, Ly. and Ly values. The result will be as indicated in Fig. 7, from which 
the total bending moment at any point on the footing may be obtained by 
sealing. 


CONCLUSION 


The soil-pressure, shear, and bending-moment diagrams established in the 
illustrative example are based on a footing of constant depth, but it should 
be thoroughly understood that the method presented is an approximate 
one, not a theoretically exact solution to the problem. The diagrams, there- 
fore, are approximate only. 

If, during the design, the footing is changed to vary uniformly in depth, 
with a maximum at the faces of the wall and a minimum at the free ends of 
the cantilevers, the diagrams will be still more approximate, but sufficiently 
accurate for all practical purposes and on the side of safety, 
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Fig. 7—Bending-moment dia- 
gram due to net soil pressures 











If, however, as sometimes happens, the depth of the footing at the faces 
of the wall is changed considerably on account of unsuitable unit stresses, 
it may become advisable to establish new diagrams based on the revised depth. 

If the distance between the wall centers is not great, it may happen that 
the L’s of one wall will “overlap” the L’s of the two adjacent walls, but the 
foregoing method of approach is still applicable, as it simply means that over- 


lapping portions of the load, shear, and moment diagrams (based on net 
pressures) should be added algebraically to obtain satisfactory results. Any 
reinforcement required at the opposite face of the slab on account of con- 
tinuity will, of course, be supplied automatically when the requirements for 
the reverse loading conditions are met; 7.e., when the empty tanks are full 
and the full tanks are empty. 





Disc. 49-5 


Discussion of a paper by R. P. V. Marquardsen: 


Practical Design of Thin Retaining-Wall Footings* 


By ERIC BERGLUND, B. F. JAKOBSEN, and AUTHOR 


By ERIC BERGLUNDT 


This is an interesting and useful paper for the specialized work of design- 
ing floor slabs for long tanks. The analysis results in an economical design 
and at the same time a safe structure for its purpose. 

The author has covered the various loading conditions quite fully, but the 
writer also would like to have seen a somewhat more detailed discussion on 
the possibility of increased bending and shear caused by hydrostatic pressure. 
This could presumably occur in an area under one or more empty tanks and 
thereby produce quite high stresses. 

It is not likely, of course, that the hydrostatic pressure would prevail 
under the entire structure and thereby cause a floating tendency when all the 
tanks are empty, but such pressure could occur at any one or several spots 
at the same time. The stresses produced are not likely to exceed the ultimate, 
but an analysis should be made for any large structure of this type. The 
writer believes that the general design may often have to be modified for 
this condition even if much higher stresses may be permissible due to the in- 
frequent occurrence and short duration of hydrostatic pressure. 


By B. F. JAKOBSENT 


Referring to Fig. 3 and Table 2, it is the writer’s understanding that these 
apply to the vertical load produced by water pressure. The soil pressure 
at the left end of che slab amounts to w = 750 psf and at the midpoint of the 
16.52 ft long slab it is 375 psf. The moment about point C, on the wet face 
of the wall, due to vertical water pressure is greater than that due to soil 
pressure and, as a consequence, the structure would rotate counter-clock- 
wise until equilibrium becomes established. 

If a weightless slab L ft long is assumed to be rigid and loaded with w psf 
on its left half, as shown in Fig. 3(a), equilibrium requires that the soil pressure 
be 

p = (1.25 — 1.52/L) w 
in which x = O for the left end of the slab. The values of p for five points 
are given in Table A. 
 *ACI Jor RNAL, Sept. 1952, Proc. V. 49, p. 45. Disc. 49-5 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Instirute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 

tStructural Engineer, Chicago, Ill 

{Civil Engineer, Menlo Park, Calif. 
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TABLE A—SOIL PRESSURE 


| 


x, ft 0 4.13 8.26 12.39 | 16.52 
p, rigid slab, psf 937 .5 750 562.5 | 375 — 187.5 
p, flexible slab, psf 913 671 375 80 — 162 


The fundamental equation for a beam on elastic foundation is 

EI d}/dx* = — ky +q 
in which k is the modulus for the foundation, the author’s F and q is the 
load on the slab. Equations for the deflection, shear, etc., for various types 
of loading and tables of the exponential, trigonometric, and hyperbolic func- 
tions needed in the computations may be found in “Beams on Elastic Foun- 
dation,” by M. Hetényi, University of Michigan Press (1946). From the 
formulas given by Hetényi and the constants employed by the author in his 
illustrative example on p. 53, values of the soil pressure for five points are 
given in Table A, in which z is measured from the left end of the slab. The 
water pressure is 750 psf and the leveth of the slab is 16.52 ft. 

At point C on the wet face of t! wali, z = 8.26 ft, the bending moment 
in the flexible slab is zero, and th shear amounts to 987 Ib acting upward. 
The upward thrust computed for the flexible slab by Simpson’s rule from the 
p values in Table A gave 6202 Ib, compared to 8.26 & 750 = 6195 lb for the 
water pressure. The moment abvut the right end of the flexible slab, com- 
puted by step-by-step integration and assuming that p varies linearly be- 
tween points, gave 76,585 ft-lb compared to 750 & 8.26 & 12.39 = 76,756 
ft-lb for the water pressure. 


AUTHOR'S CLOSURE 


The author appreciates Mr. Berglund’s kind comments and agrees with 
him that a discussion on the poss:bility of increased bending and shear caused 
hy hydrostatic pressure would be desirable, but feels, since each case would 
require special consideration and also considerable experience and judgment 
on the part of the designer, that it would be beyond the scope of his paper. 

Before considering Mr. Jakobsen’s discussion, the author should like to 
re-emphasize that the method presented in his paper is approximate and not 
a theoretically exact solution to the problem. He knows, however, from 
actual use of the formulas and tables, that the method is not too cumber- 
some to apply and is certain that it gives results on the side of safety without 
being economically extravagant. 

He wishes, in particular, to call attention to the assumption made in re- 
gard to the assumed cantilevers (See assumption No. 5). The “negative” 
moments, neglected in the derivation of the equations but actually occurring 
at the ends of the assumed cantilevers, tend to rotate the ends as follows: 
Loading condition Left cantilever Right cantilever 
Wall load C Counter-clockwise Clockwise 


Water load W Clockwise Clockwise 
Hydraulic pressures // Clockwise Clockwise 





THIN RETAINING-WALL FOOTINGS 


The critical bending moments occur at the faces of the wall. 

Since the negative moments at the ends of the cantilevers for wall load C 
rotate the ends in opposite directions, the effect is to reduce the positive 
moments at the faces of the wall. Therefore, neglecting the negative mo- 
ments is on the side of safety. 

The negative moments at the ends of the cantilevers for a water load W 
are both clockwise. Hence, they have no effect on the moment at the wet 
face of the wall and therefore may be neglected. They do, however, assist 
in establishing equilibrium of the structure in its counter-clockwise rotation. 

Negative moments at the ends of the cantilevers for a hydraulic pressure 
H are also both clockwise, and reduce slightly the moments at the faces of 
the wall since the point of rotation is at the center of the wall. Neglecting 
negative moments in this case is therefore also on the side of safety. 

The general effect of neglecting the negative moments in the derivation 
of the formulas is to increase slightly the cantilever lengths, which like- 
wise is on the safe side. 

Mr. Jakobsen seems to be especially interested in the cantilevers for a water 
load W. He tries to prove (and, on the assumptions he makes, does prove) 
that the moment at the wet face of the wall is zero. 


However, since a rigid weightless slab resting on an elastic foundation 
and supporting a downward uniform load w on the left side of the vertical 
wall may be assumed to have any total length L possible in a given problem 


(provided there are no end moments), it follows that it is impossible to de- 
termine the moment at the wet face by the method employed by Mr. Jakobsen. 

No matter what total length L is assumed (provided there are no end 
moments), the loaded portion is always twice as long as the unloaded por- 
tion, and the soil pressure is 4/3 w at the left end, 4/9 w at the wet face of the 
wall, and zero at the right end. The moment at the wet face of the wall, 
therefore, is 2/243 wL?, in which L may have any value possible in a given 
problem. Hence, the actual moment at the wet face of the wall cannot be 
established by this method. 








BY WAY OF SYNOPSIS 


An unusual concrete structure in South Africa is described by S 


MACERATA 


A design chart for three-component aggregate mixtures is presented by 


L. S. MuLuer. 


Leo D. BoswEe.Li comments on the origin of the columm anology approach 


to the solution of frame constants. 


Wacrer H. WHEELER tells how cantilever slabs were tested and gives results 


obtained. 


KATHARINE MATHER adds to discussion of methods of measuring air in 


hardened concrete. 


Reinforced Concrete Headframe for Transvaal Gold Mine (LR 49-1) 


South of the main road from Johannesburg 
to Klerksdorp, the slim white lines of the 
concrete headframe built for the Stilfontein 
Gold Ltd., 
against above 


Mining Co. stand 
the the 
African veldt. (see News Letter cover). 


out clearly 
South 


Mono- 


a combination of mine 


skyline bare 
lithic in design it is 
shaft 
pile. 
The 
rope sheaves, 18 ft in diameter, supported 
by the top platform at 126 ft 6 in. above the 
shaft Each 2-in. 
diameter rope hoisting a 33-ton loaded skip 
from a depth of 5000 ft below the surface. 
Although very 


headframe, waste rock bin, and stock 


headframe accommodates six main 


collar. sheave carries a 


remote with modern safety 
devices, the contingency of a skip overwind 
was allowed for in the design; buffers were 


installed under the top platform carrying the 


*A part of copyrighted JouRNAL or THE AMERICAN Concrete INnetrrute. V. 24, N 
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sheaves and the whole upper structure was 
designed to take 100 


one 


sn upward thrust of 
tons The design also allowed for any 
winding rope breaking at an ultimate load of 
200 tons 

Concrete was weigh batched and gave a 
crushing strength of over 5000 psi on 6-in 
at 
employed 


cubes 7 days. Internal vibrators were 


for compaction Forms were 
timber lined with tempered prestwood and 
tubular steel bracing was used, 

were Strathmore 


General consultants 


Management Ltd., the writer was consulting 
structural engineer, the concrete mix design 
D. A. Stewart, 
struction Co., Ltd., 


was by and Roberts Con- 


was the contractor 
Ss. Consulting 
Johannes- 


MACERATA, 
Civil Engineer, 
burg, South Africa 


1 Sept 


s Rd 


1952, Proceedings 


o 
Address 18263 W. hol Detroit 19, Mich 


McNi 





58 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1952 


Design of Three-Component Aggregate Mixtures for Concrete (LR 49-2) 


The proportions of fine, medium and coarse psi. + For the required cube strength and 
aggregate of known fineness modulus and quality of concrete 750 lb cement per cu yd 
grading may be determined by the use of — is necessary. Maximum size of aggregate 
the nomograph in Fig. 1, if a mixture of | not to be more than 11% in.; permissible 
given fineness modulus is to be achieved. slump 414% in. 

Theoretically an infinite number of solutions Using natural sand of F.M. = 2.7, and 
may be obtained, all of which fulfill the properly graded crushed stone with F.M. 

mathematical condition. Of course only the 3.9 for medium, and with F.M. 6.7 for 
practicable alternatives will be considered. coarse aggregate available in Israel—accord- 
ing to the experiments of Rachel Friedland 
(Cement and Concrete, Haifa, 1939, pp. 128 

A suitable aggregate is to be designed and 164)—to obtain optimum results the 
for the concrete of heavily reinforced slabs. water-cement ratio for a certain standard 
Minimum dimension of section 7 in., required aggregate should be about 0.8, and fineness 
minimum cube strength at 28 days, 3200 modulus of aggregate should be 5.6. 


Example 


Denote py: fa: fineness Mopurus of Mepium Size Component OF AqGREeGgaTt 
f,= Requined Fineness MOduLuS of MixyuRe 
Is fa> 4, If tn< fe 
Be: f= M0 Coarse COMPONENT oF AGGREGATE] Be: fax FM. oF Fine COMPONENT OF AGGREGATE 
7°” Fine . ° ° f,: ° ° Coarse ° ° . 
a,b, and c Corresponding Percentages of ComPontnts 
Compute: . a fe m= fa-f- ne fe-fy 
find Point Detemmined By Parameters L3™ andy 
AMY Staaigat Line Passing tHRouGH Tuis Point Cuts Percentaces OF COMPONENTS ON 
VerTICAL Scales WHicw Satis#y 
af.* bfas cf, (a+b+ c)f, 








Fig. 1—Design chart of three-component mixtures of aggregate for concrete 
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With these data: 10 percent b = 25 percent c = 65 percent 

= 56> fe = 3.9 4 ). In the plains region, where natural sand is 

= 2.7 5.6 2.9 m 3. 6 : cheap and crushed stone expensive, we use 

n 5.6 6.7 , more sand and less crushed stone, od instance 

a 28 percent 6 0 percent ¢ 2 percent 

In both cases: 

0.10 X2.7 + 0.25X3.9 + 0.65 6.7 = 5.6 
1.705 and 0.28 X2.7 + 0.72 X6.7 5.58 5.6 

Of course the water-cement ratio must be 


; adjusted to the deviation of sand percentage 

In the mountain regions, where crushed : , , 
sae ; 7 and slump from the standard trial mixture 
stone 1s cheap anc natura sane expensive, ‘ . 

I I ; L. S. Muuier, Palestine 

we use less sand and more crushed stone, for Land Development Co., Ltd., 


instance (from Fig. 1) Jerusalem, Israel 


Frame Constants for Nonprismatic Members (LR 49-3) 


The writer agrees with Messrs. Largy and formula was presented by August L. Ahlf 
Rudchenko* that the column analogy ap- in the October 1944 Proceedings, and as a 
proach to this problem gives a simple solution part of the Transactions, ASCE, 1945, V. 
and he has profitably used the method for 110, p. 1019. Mr. Ahlf’s paper also preceded 
several years. However, the writer would the publication of the Handbook of Frame 
like to point out that the integration ap- Constants of the Portland Cement Assn. 
proach is not new with the authors and Leo DD. Boswe.i, Senior 


their paper is not the first publication of its engineer, surns and Me- 
Donnell Engineering Co., 


sort. The integration of the column analog . 
oO rhe integration of the column analogy i ateaen Cibo’ tie 


Deflections Measured in 23-ft Reinforced Concrete Cantilever Slab 
(LR 49-4) 


In the Grace Street Parking Garage, at the middle of the Grace St. front At the 
Richmond Va., (Fig. 1) the first row of second floor level along Grace St. and the 
columns along Grace St. are set 14 ft from 6th and 7th Ave. ends there is a reinforced 
the building line except at the two street concrete canopy which extends from the 
corners and at the garage entrance, which is building line 9 ft over the sidewalks. Where 


_- 


Fig. 1—Exterior of completed garage 





*ACI JourRNAL, May 1952, Proc. V. 48, p, 788 
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Fig. 2—Arrangement of slab reinforcement. 
ground 


the columns are set back, this 9 ft wide 


canopy springs from the end of the 14-ft 
cantilever 


and is depressed about 6 in. 
below the top of the second floor slab at the 
building line to provide for drainage. Above 
floor the 8-in. thick brick walls 
are carried on the edge of the 14-ft cantilevers. 

A reinforced wall or 
suspended from the end of the 14-ft canti- 
lever at the second floor and extends down to 


the second 


concrete beam is 


the top of the show windows. Bays within 
the buiding are 28 x 27 ft. 
two stories and basement with columns and 


The building has 


footings designed for 6 additional stories. 
third 
Columns and beam 


Basement, second, and future floors 
are used for parking. 
framing for stairs and ramp and elevator 
openings and along the end walls are of 
structural steel. 

Floor slabs are of lightweight reinforced 
construction with steel 
grillages built into the slabs at the columns 
in accordance with the “Smooth Ceilings’’ 
System design (Fig. 2). Haydite burned 
clay aggregate was used for the coarse ag- 


concrete flat slab 


September 1952 


Grillages for next floor shown on columns in back- 


gregate in the concrete with natural sand 
for the fine aggregate to produce concrete 
Slabs are 10% in. 


The column band parallel to Grace 


weighing 110 lb per cu ft. 
thick. 
St. which supports the 23-ft cantilever was 
thickened to keep the fiber stress within 
allowable limits. 
Deflections of the 


measured 


cantilever 
Froehling «& 


) 


23-ft 


reported by 


were 


and 
































Fig. 3—Location of points at which deflections 
were measured 
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TABLE I—MEASURED DEFLECTIONS IN CANTILEVER SLAB 


Location 


Point Initial 


No. 


23 ft N of 
column line B 0.420 
At wall line 
13 ft N of 
column line B 
13 ft 8 in 

S of column 
line B 


0.237 


0.061 


and 


the 
were 


Robertson, Inc., Inspection Engineers 


Chemists, Richmond. Fig. 3 shows 


location — of where readings 
taken. 


recorde¢ 1 


points 
Deflections 
immediately 


and 
the 
thereafter. 


were measured 


after removal of 


shoring and daily for 7 days 


Table 1 gives the initial and final deflections 
in thousandths of an inch. 


Readings midway between 
column lines 3 and 4 


Readings on column 
line 4 
Final 


Point Initial 


No. 


Final 


0.373 0.369 


0.179 0. 189 


0.071 0.056 0.077 


Richmond were 
Doyle & Russell 
of Richmond were general contractors and 


Carneal & Johnston of 


architects and engineers, 


the writer was the structural engineer. 


Wacrer H. WHEBLER, Con- 
sulting Engineer, Minneap- 
olis, Minn. 


Measuring Air in Hardened Concrete (LR 49-5) 


The discussion* of “Linear Traverse 
Technique for Measurement of Air in 
Hardened Concrete’’t and Mr. Willis’ lettert 
commenting on it are of great interest to 
those who attempt to measure air in hardened 
concrete, and provoke further comment. 

Mr. Willis thinks it advisable to reword a 
statement in the authors’ closure; the state- 
ment as it stood had answered the question 
I raised in a manner which appeared clear 
The 
restricts the statistical interpretation to the 
120, 
The 


were presum- 


and adequately qualified. rewording 
specimens of Series 2 (Table 1 and p. 
original paper) leaving out Series 1. 
determinations of air content 
ably as good in Series 1, since none gave a 
standard error of the mean as large as that 
in specimen 2-3. 

The authors used specimen 2-3 for their 
the effect 
Like Mr. 


standard deviation of 


study of of traverse length on 
precision. Willis, we 
the the air 
content of that specimen, and also calculated 
the coefficient of ((Standard De- 
viation/Mean) xX which amounts to 


calculated 
mean 


variation 

100), 

‘I JournNAL, Part 2, Dee. 1951, Proc. V. 47, pp. 
1 


*AC 
tACI JourNaL, Oct. 1950, Proc. V. 47, pp. 117-123 
SACI Journat, June 1952, Proc. V. 48, p. 901. 
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58 percent. Table 1 gives some values with 
which rough comparisons may be made 

The sample of air-entraining concrete was 
a longitudinal slice from a 6-in. diameter 
Each of the other 
four samples was a thin transverse slice of 


core about 12 in. long 


a 6-in. diameter core. These samples were 
and all 
were cut into small pieces for examination 
the last 
represented areas of about 28 sq in. 


all that were available for study 


determinations 
All 
Wentworth 
spacing of 
aggregate on the 
air-entraining and Prepakt 


separate 


Accordingly four 


specimens were counted on a 
SOX 
0.15 in. 


specimens of 


stage at using a traverse 


about Coarse 

traversed on a 
the 
spherical voids were regarded as entrained 
and 


concretes Was 


spindle. In alr-entraining concrete, 


and voids as 


The 


length from piece to piece were greater than 


irregular nonspherical 


entrapped air variations in traverse 


desired, but only one determination with a 
short traverse length departed so far from 
the mean that it 


“Student’s”’ (t-test 


could be rejected using 
and the 0.01 probability 


124-7 
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TABLE I—STANDARD DEVIATIONS AND COEFFICIENTS OF VARIATION OF AIR 
CONTENTS IN CONCRETE SPECIMENS 


Air in 
mortar, 
percent 


Standard 
error of 
means 


Standard 
deviation 


T'ype of material 


1%-in. max. 
air-entraining 
field concrete: 

less entrapped air 
with entrapped air 
Prepakt A 
Prepakt B 
Gunite A 

Gunite B 


level. Apparently some variations in traverse 
length can be tolerated in some comparisons. 
The coefficients of variation expressed what 
inspection of the samples had indicated: 
that the of Gunite B 
sharply from one small area to the next, 
and that was a 
uniformity of distribution of voids in the 
two Prepakt concretes. It was 
clusion on this particular set of specimens 
that we would run out of sample before 
reduced the standard errors of the mean air 
contents on Gunites A and B to a level which 
would permit the statistical tests to show 
that the means were significantly different; 
the qualitative difference by 
inspection and might bave been quantified 
by a comparison of the variances of the two 


air content varied 


there visible difference in 


our con- 


we 


was clear 


mortars. 

Some expression of the precision of deter- 
mination of air content of hardened concrete 
is certainly highly desirable and probably 
necessary in many cases to decide how much 
sample is needed. Increased precision should 
be and apparently is a result of increased 
traverse length (or increased points, in the 
point-count 
in terms of 


method) and can be specified 
deviation, standard 


limits. 


standard 


error, or confidence The precision 
necessary in a given determination or set of 
determinations will depend on the use to 
the data. If a 
falls 


gravimetric 


micrometric 
the 
determinations 


be made of 
determination between 
and 


the same concrete, one can assume that all 


pressure- 
meter for 
three are measuring the same thing, but has 
no applicable expression of the precision of 
the pressure-meter and gravimetric methods 
to put into a statistical test. 

What are the useful ways of expressing 
content of hardened Many 


air concrete? 


Traverse length on 
mortar, in 


Coeff No. of 
of deter mi- 


variation nations Range of lengths on 


individual pieces 


samples show variations from area to area, 
and one can not escape the conclusion that 
different parts of such concrete would be- 
have differently with respect to resistance 
to freezing and thawing or permeability or 
chemical attack. 

.. ae 
specimens with coarse aggregate of 34-in. 
to 1%-in. 


As examples: 
properly consolidated laboratory 
maximum size, examination of 
sawed slices will usually show that the en- 
trained air is fairly evenly distributed in the 
mortar, from formed 
surfaces, the 
What is relevant, if one wishes to consider 


away and finished 


where air content is lower. 
the behavior of such a specimen in a freezing 
and thawing test? The average air content, 
measured on a transverse slice, normal to, 
or parallel to the direction of placement, 
with the traverses or points so located that 
diminished get 
proportionate The 
average air content neglecting the outer half 
Or the 


air contents of the two zones plus a weighted 


the regions of air content 


their representation? 
or quarter inch rim around the slice? 
average? The effect of formed and finished 
surfaces on air content and arrangement of 
air voids can also be recognized in field con- 
crete, but is probably of most quantitative 
importance in fairly slender test specimens. 

2. I have seen pavement concrete where 
there was a zone up to | in. deep of mortar 
with low the 
zore in 


air content next to finished 


middle 
were uncommon and entrained 


surface, then a which en- 
trapped voids 
voids were evenly distributed, then a zone 
where underside voids and fairly large en- 
trapped voids increased in abundance until 
the base next to the subgrade was honey- 
combed. This kind of concrete might give 


a mean air content of 2.2 and standard 


deviation and standard error like specimen 





LETTERS FROM READERS 63 


2-3. 
what is the relevant way to express the air 
content? An average which lumped all 
three zones might be numerically like the air 
content of a pavement core made of the same 
mix in which the entrained voids were 
evenly distributed from 14 in. below the top 
to 14 in. above the base, but I doubt that the 
two concretes would behave alike in adjoining 
slabs on the same subgrade. 


Assuming the sample is representative, 


Should we try 


the analysis of variance, or qualitative 
description, or both? 

3. Like Dr. 
measurements of air content of plastic con- 
with 


Brown, we have compared 


crete 


measurements of 
the concrete allowed to harden in the pres- 


micrometric 


sure meter and found very good agreement. 
We have 
contents of plastic mass concrete with micro- 


also compared laboratory  air- 
metric air contents of specimens from the 
same batch, and found agreement in some 
cases and disagreement in others, and dis- 
concerting (to appalling) variation between 
which reflected numerically 
what one could see on sawed sections of the 


specimens, 


core if one examined them at low magnifi- 
cation. The same kinds of differences exist 
between = air reported for field 
concrete and found in the hardened concrete 
examined. 


contents 


Once we examined a core 24 in. 
which two-thirds of the length contained 
content of 10° percent 
and the last third, mortar with an air content 
of 26 percent. 
one lift. 


traverse or 


long in 


mortar with an air 
It was supposed to represent 
Any measurement by a reasonable 
method would be 
a relatively large standard 
deviation or standard error on such concrete, 


point-count 
bound to give 
without reflection on the precision of the 
method. What is a useful way to express 
the air content of such a core? 

Perhaps all these perplexities amount to 
Since 1946 Dr. 
and Fairbairn 
published papers!‘ in the geological literature 
which give 
measurement 


questions of choice of scale. 


Chayes and Chayes have 


information on the scale of 
useful in 
grained granites. 


fine- 
The mineralogical compo- 


medium and 
sition of such rocks can be measured with 
satisfactory precision on thin sections with 
an area of 0.75 sq in., a sample which can 
be regarded, in some of the cases at least, 
wae 
as a The 


part of an infinite population. 


traverse spacings used are 0.5 to 1 mm, and 
the traverses are spaced to cover the whole 
area of the section; or point-spacings of 
0.3 mm and lines of points 0.56 mm apart 
can be used. The results of the two methods 
are comparable and comparably 


checks 


can be obtained by the 


precise, 


and satisfactory between operators 


linear traverse or 


point-count methods. Four to six con- 
stituents are counted, with the major ones 
each accounting for 25 to 35 percent, less 
important ones for 10 percent, and accessories 
for 0.5 to 3 percent of the total. The inter- 
cepts of the mineral grains fall in the range 
0.05 to 1.25 mm. 

The air content of the mortar phase of 
concrete may be measured with such point 
spacings, but larger areas are needed to get 
reproducibility from area to area. On 
2 x 3-in. mortar slabs, traverse spacings of 
about 0.15 in. with traverse lengths on mortar 
in the range of 6 to 15 in. yield values which 
agree closely from specimen to specimen in 
with 


maximum size; comparable results can be 


some concretes aggregate up to 6-in. 
achieved by counting points at the inter- 
When 


examined at 


sections of a l-mm rectangular grid. 
ground 
40X, 


represented by 


mortar surfaces are 


entrained air voids are ordinarily 


circles ranging in diameter 
from 1.5 mm to some lower limit of the order 
of 10 


concrete. 


microns, varying from concrete to 


Occasional voids in some 


large 


concretes may have maximum dimensions 


of the order of 1 in. In plain concrete, the 
air content of mortar in our experience lies 
in the range of 0.5 to 5.0 percent; the values 
for air content of whole concrete are about 
half as great; all the statistical disadvantages 
of trying to measure a constituent which is 
a very small part of the total obtain. The 
method which the authors described worked 
satisfactorily under all those disadvantages 
aggre- 
mortal 


Air-entraining concretes with 6-in. 


gate contain 5 to 15 percent air in 


and 2 to 6 percent air in concrete, and the 


measurement of air content of mortar be- 


comes easier statistically as air becomes a 


larger part of the total. In the same sort of 


mass concrete, aggregate in many 


60 percent of the 


coarse 
cases amounts to about 
whole. The samples of mass concrete which 
we have considered have been cores 10 in. 
in diameter and 18 to 30 ir 


long. As samples, 
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they come from a population of finite size. 
One 8-cu ft block of laboratory concrete was 
sampled by two 10-in. diameter cores, one 
drilled horizontally through the center of 
the block, the other drilled vertically, offset 
enough to 
The highly segregated 
showed preferred orientation. 


hole. 
and 
It developed 
that cosrse aggregate could be 
with 


miss the horizontal core 


concrete was 
determined 
with the mixture 
proportions by measuring linear traverses on 
the circumferences 


cose agreement 


and on a_ longitudinal 
sawed surface parallel and close to the axis 
of each core. 


longitudinal 


The data were recorded by 
and circumferential traverses 
on each half of the core and on the sawed 
surface; traverse spacings were 1 in. and 2 in. 
on different 
on the 


All of the traverses 
and the two 
sawed surfaces were necessary to bring the 


surfaces. 
two circumferences 
determination to agreement with the mixture 
proportions. 


The area of the sample which 
gave a satisfactory result was 1990 sq in; the 
volume of the two cores was 2.18 cu ft, or 
27 percent of the volume of the block. By 
point-count, the same area was necessary; 
the intersections of a 14-in. grid (4000 points 


per core) gave unreliable results; the inter- 
sections of a 4-in. grid (15,000 points per 
core) were much improved; two runs on 
each with a 


core 16-in. grid offset 14 in. 


September 1952 


between runs gave satisfactory results (8000 
points per core or per 1000 sq in.). This 
block probably extreme in 
segregation and sample size necessary. 

I am glad to have Mr. Willis’ concurrence 
on the value of the point-count method on 
concrete. 


represents an 


The references already cited pro- 

vide much more information on its precision 

on rocks than is usually available about a 

petrographic method. Reference 2 suggests 

a method by which it might be adapted to 

the measurement of bubble size and spacing. 
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of Significant Contributions in Foreign and Domestic Publications 


Avoiding successive approximations in the 
Cross method (Umgehung der Iteration beim 
Crosschen Verfahren) 

Der Bau 

pp. 49-52 


RAczat 


1952 


(JUENTER 
No. 2, Feb 
Anon I 


Reviewed by Minsk’ 


Direct method 


ot moment 


A.8.C.E., 


distribution, 


after (Trans 1937, V. 102) 


and others 


On the distribution of truck wheel loads on 
roadway surfaces, with especial regard to the 
analysis of bridges (Ueber die Verteilung der 
Radlasten von Strassenfahrzeugen auf die 
Fahrbahnoberflaeche, insbesondere im Hin- 
blick auf die Bemessung von Bruecken) 


kK. H Berlin), V. 27, 
3, Mar 


Seracers, Der Bauingenie 
1952, pp. 91-04 
Reviewed by 


No 


ur 


Aron L. Mirsky 


Compares unit pressures and pressure 


distributions under various types of tires, 


both pneumatic and solid rubber, and the 
unit pressures specified by both the old and 
the new German standards (DIN 1072) 


Making of concrete masonry units 

M. A. Craven, New Zealand Engineering 

9 and 10, Sept. and Oct. 1951, pp. 320-326 
Reviewed by C 


V. 6,. Noe 
360-364 
p 


SIESss 


A 


facture of 


of the 
units covering 


comprehensive survey manu- 


concrete masonry 


the following aspects: materials, mix pro- 


portions, batching equipment, mixing, mixing 
equipment, block-making machines, curiag, 
drying, plant layout, dimensions and shapes 
units, lightweight units, 


of block specials, 


and new developments 


V.49. Address 18263 W. McNichols Rd 
through ACI. 
will be furnished by ACI on request. 
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The use of statistical methods in concrete test- 
ing and control 
Ss. C. Grew, New 
Oct. 15, 1951, pp. 37 


V. 6. No. 10 


teviewed by C. P. Sipss 


Statistical methods applied to analysis of 


Data 
and 


concret« compression test results 


n form of mean, standard deviation 


coefficient of variation given for eleven jobs 


Contribution to the calculation of creep of 
prestressed reinforced concrete members (Bei- 
trag zur Kriechberechnung vorgespannter Stahl- 
betonbauteile) 


{OBERT 


No. 3 


Der 
pp 


Bauingente 


85-00 


SCHWARZ Berlin), 


Mar, 1952 


V. 27, 


“7 


Reviewed by Anon I Minsky 


Theoretical analysis of loss. of 


to 


prestress 
the 
stressing wires are (a) unbonded, (b) bonded, 


A 


due creep in members where pre- 


or (c) bonded in a supplementary step. 


numerical example Is given 


New method of building multi-story structures 
Concrete and 


V. 47, No. 3 


Constructional 
Mar. 1952, pp 
Reviewed by ¢ 


Engineering London), 


06-07 


iLENN MURPHY 


A total of 1700 dwellings will be provided 
in the flats from 4 to 
be built at Cly 
load bearing walls 


10 stories in height to 
The 


concrete 


debank exterior and 
bloek, 
he 


concrete topping 1s 


are and 


prestressed concrete planks to used 
the \ l-in 
to be placed on the planks making a total 
floor Detailed sketches 


and description of the floor construction are 


ure 
for floors 


thickness of 3 in 


included. 


*A part of copyrighted JouRNAL or THE AMERICAN ConcreTE INatrrute, V. 24, No, 1, Sept. 1952, Proceedings 
, Detroit 19, Mich. 
In most cases they can be obtained direct from the original publishers 


Copies of articles or books reviewed are not available 
Address, when available, 
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Concrete masonry construction 


M. A. Craven, New Zealand Engineering, V.7, No. 1, 
Jan. 15, 1952, pp. 2-8 


Reviewed by C. P. Stress 


A condensed but nevertheless compre- 
hensive “‘primer’’ of concrete masonry con- 
struction. Topics discussed include general 
uses and advantages, requirements for 
strength and water-tightness, crack pre- 
vention, plastering, painting, insulating 
properties, sound-absorbing values, and 
resistance to fire exposure. 


Prestressed concrete road 


The Reinforced Concrete Review (London), V. 
6, July 1951, pp. 337-342 


II, No. 


Reviewed by C. P. Siess 


Design and construction of prestressed 
concrete road in Sussex. Slab 6-in. 
deep and constructed in 400-ft lengths. 
Prestressing was accomplished with Freys- 
sinet-type cables laid in diamond pattern 
at inclination of 3 to 1 to of 
roadway and spaced at 7.5 ft center to center. 
Illustrated with photographs. 


was 


centerline 


A substitute for reinforcement bars 


N. A. Dews, Concrete and Constructional Engineering, 


(London), V. 47, No. 4, Apr. 1952, pp. 121-122 


Reviewed by GLENN Munpuy 

The possibility of using old railroad rails 
directly as reinforcement for concrete beams 
Calculations are in 
cluded for a deck slab constructed from 20- 
Ib rails on 8 in. 


is discussed briefly. 


centers. Some practical 


details of construction are included. 


Tempercture stresses in orch dams with varia- 
tion in the upstream water level (Temperatur- 
spanninger i valvdammar vid varation av 
uppstromsvalvytan) 


J. F. Hacrup, Betong (Stockholm), V. 
pp. 19-30 


37, No. 1, 1952, 
Reviewed by Ervinp Hoanestap 


A method is presented for the computation 
of in arch dams resulting from 
differences in the temperatures of water and 
air. A example involving a 
multiple arch dam illustrates the method. 
It appears that the temperature 
under unfavorable temperature conditions 
may be large enough to call for reinforce- 
ment in the direction of the arch generatrixes 
if cracking is to be avoided. An example 
of horizontal cracking due to the lack of 
such reinforcement is indicated. 


stresses 


numerical 


stresses 


CONCRETE INSTITUTE September 1952 


Making and testing of vibrated concrete (in 
Czech) 
A. Bersera, Stavebni prumysl (Prague), V. 1, 
17-18, Oct. 1951, pp. 409-412 

Reviewed by Ivan M. Viest 


No. 


The author discusses various factors 
which characterize a good concrete mixture 
suitable for placing with the aid of vibrators. 
An apparatus for testing the degree of com- 
paction of the mix and an apparatus for 
finding the radius of effectiveness 
vibrator are described. 


of a 


Approximate methods for analysing systems 
of girders (Methods d'approximation pour le 
calcul des systemes de poutres) 
M. Covurson, Annales des Ponts et Chaussees (Paris), 
V. 122, No. 1, Jan.-Feb. 1952, pp. 27-65 
Reviewed by Aron L. Mirsky 
Author presents two methods for analysing 
frames with and without translation: slope 
deflection, and moment distribution. Both 
theoretical numerical 


derivations and 


examples are given. 


French cellular concrete (Les betons cellu- 
laires Francais) 
J. P. Levy, Revue des Materiaur (Paris), 
Dec. 1951, pp. 369-72 

Reviewed by Puiturp L. MeLviLt_e 


No. 435, 


Two new products have appeared in 
France, both are foamed concrete. Thermal 
conductivity is between 0.04 and 0.02 for 
densities between 0.3 and 1. For molded 
specimens there is no shrinkage. Foamed 
concrete is not permeable, will not swell 


under water nor break when frozen. 


Calculation of the ultimate strength of rein- 
forced concrete in flexure considering tension 
in the concrete (Le calcul a la rupture du 
beton arme: L'Intervention du beton tendu) 


A. Guerrin, Annales ce L'Institut Technique du 
Batiment et des Travaux Publics (Paris), New Series 
No. 234, Jan. 1952, Theories et Methodes de Calcul, 
No. 15 


Reviewed by C. P. Sress 


The author advocates the calculation of 
ultimate strength of reinforced concrete 
members by means of a theory taking into 
account tension in the concrete below the 


neutral axis, and points out the importance 


of this tension in the cases of slabs and other 
members with small percentages of reinforce- 
ment. Data from numerous tests both by the 
author and by others are cited in support of 
this thesis. In general, the discussers did 
not accept the author’s conclusions. 





CURRENT 


Air-entraining cements (Ciments a < 

ment d'air) 

J. CLeret pe LANGAVANT, Revue des 

No. 436, Jan. 1952, pp. 24-8 
Reviewed by Paiture L. MELVILLE 


aine- 


Materiaux (Paris), 


A study of 
entraining 


the variables affecting air- 


concrete mixes, especially as 


compared to ordinary concrete. It is stressed 
that air have entirely 
different. properties from entrained air. The 
water-cement valid due 
to compensating factors within the range of 


accidental voids 


ratio law remains 
experimental errors. 
critically reviewed. 


American practices are 


Method of analysis for clinker and portland 
cement (Methode d’analyse pour le clinker 
et le ciment portland 


F. Guye, Rerue des Materiaux (Paris), No. 437, 
1952, pp. 39-45 


Feb. 


Reviewed by Patti L. MELVILLE 


Eight European testing laboratories have 
a testing procedure for clinker 
and cement derived from comparative tests. 


established 


The method covers sampling; loss on ignition; 
soluble silicates by Makzkowske’s method; 
sesquioxydes; lime; magnesia; iron oxides; 
insoluble residue; sulfuric anhydride; gravi- 
metric analysis; free lime; specifications for 
reagents. 


Precast concrete in buildings 
Concrete 


V. 47, 


and Constructional Engineering 
No. 2, Feb. 1952, pp. 57-62 
Reviewed by GLENN Murpuy 


London), 


Construction at the new technical college 
at Hatfield includes an engineering building 
and a gymnasium in which extensive use is 
of The 
structural three-hinge 
frames of 33-ft span, frames of 44-ft span and 
48-ft and 
Description of the precasting operation and 


made precast concrete. precast 


members include 


height, purlins, slabs, beams. 


erection is given and several photographs 
are included. 


A reinforced concrete office building 
Concrete 


V. 47, 


Constructional Engineering 
Mar. 1952, pp. 87-89 
Reviewed by 


a nd 


No. 3, 


( London), 


GLENN Mvurpny 


A reinforced concrete frame building at 
Orpington, Kent, for the Ministry of: Works 
is described. One feature of the structure 
is the use of hollow-tile slabs for the first 
The 


which have heating coils embedded in them. 


and second floors and _ roof. slabs, 


are described in detail. 
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Calculating critical loads of built-up frames 
(Berakning av sammansatta ramars knacklast) 


AnNE Rinkert, Betong (Stockholm), V. 36, No. 4, 
1951, pp. 213-28 
AuTHOR'’s SUMMARY 


It is shown how the buckling condition of 
built-up slender frames with an arbitrary 
number of panels can be written immediately, 
if corvenient and notations 


elements are 


chosen. To facilitate the numerical caleu- 
for certain 
characteristic constants of the element. 


lations, diagrams are made 

Examples show that the computation can 
be clearly arranged in a table. How 
consider inelastic buckling of steel frames is 


mentioned. 


to 


Reinforcement group, a means for economiz- 
ing reinfercement (Armeringsgrupp, ett hjalpeb- 
grepp till rationell armering) 


S. O. AspLunp, Betong (Stockholm), V. 36, 


No. 4, 
1951, pp. 205-11 


Reviewed by E1vinp Hoanestap 


Reinforcement group, a new concept sug- 
gested to simplify the design and drawing 
of slab reinforcement, is defined as a sequence 
of reinforcing being repeated across the slab 
in the same order but not necessarily with 
is indicated that the 
use of this new concept may permit the de- 


the same spacing. It 


sign of reinforcement coinciding closely with 
that theoretically 
complicating the drawings. 


required without unduly 
Steel and time 
may thus be saved by group reinforcement. 


Process of failure in reinforced concrete pave- 
ments (Brottforloppet i statiskt armerade betong- 
belaggningar) 


L. Bernewi, Betong 


Stockholm), V. 37, No. 2, 


1952, 


pp. 119-45 


Reviewed by E1vinp HoGnestap 


A study of the various theories regarding 
the behavior of the subgrade, the application 
in design of reinforced concrete pavements 
Formulas for 


ultimate 


being considered. compu- 
the indicated, 
and comparison is made with model tests 
conducted — by 
Tests 
types of 


tation of load are 


Granholm and Johanson. 


of concrete slabs cast on various 


soils are also described, and the 


results are compared with theoretical pre- 


dictions. A good agreement is formed by 
applying the Yield-Line theory for concrete 
slabs as developed by K. W. Jobansen, the 
subgrade being considered an elastic, semi- 


infinite medium. 
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Portland cement concrete in Egypt (Beton i 
Aegypten) 
J. Hewat, Beton-Teknik (Copenhagen), V. 17, 
Oct. 1951, pp. 73-83 

Reviewed by E1vinp Hoonestap 


No. 3; 


The use of concrete in Egypt has developed 


rapidly since the introduction of portland 
cement toward the end of the 19th century. 
While the first application was construction 
of houses, all buildings of importance are 
now reinforced 
skeletons with brick panels. 


constructed as concrete 

The article is illustrated by a number of 
pictures indicating extensive use of concrete 
in the water 
towers, fuel reservoirs, barges, pools, high- 


construction of chimneys, 


ways, and various concrete products 


Forces at cracking in a concrete beam (Krafter 
vid uppkomsten av bojspricka i en betongbalk) 
J. Osterman, Betong (Stcckholm), V. 37, No. 1, 1952, 


pp. 31-36 
Reviewed by Ervinp HoaGnestap 
A theoretical study is presented regarding 
the distribution of flexural cracks in a rein- 
forced The differential 
equations involved are solved by approxi- 


concrete beam. 
mation, and it appears that concrete cover 
as well as the ratio of the beam depth to 
crack spacing are of importance. The author 
recognizes that the bond characteristics are 
also a major factor, but this study does not 
include the effects of various bond properties. 


Poor aggregate deposits made usable by sink- 
float refining process 
James F. Lyncn, Jr., Civil Engineering, V. 21, No. 12, 
Dec. 1951, pp. 41-43 
Reviewed by Rosert E. Witpe 
As commercial supplies of sand and gravel 


dwindle, necessitating the use of lower- 
grade deposits, and as a means of lowering 
material and transportation costs, the author 
suggests processing aggregates by the sink- 
float process. Heavy-media separation has 
been used in the mining industry for some 
A brief description of a representa- 


Proc- 


years. 
tive heavy-media set-up is included. 
essing aggregate containing 
Canadian airfield is mentioned only briefly. 

The article barely touches many important 
aspects of the problem and is far from being 
It is believed by the reviewer 


shale at a 


conclusive. 
that more comprehensive data are available 
elsewhere. 


September 1959 


The ultimate strength in bending of prestressed 
concrete beams 


A. L. L. Baker, The Reinforced Concrete 
(London), V. II, No. 6, July 1951, pp. 343-373 
Reviewed by C. P. S1ess 


Review 


A plastic theory for determining the 
ultimate strength of bonded and nonbonded 
prestressed beam is presented. Means for 
determining the various factors entering into 
the expressions for ultimate load are discussed 
and safe limiting values of these quantities 
based on test results are presented. (Article 
that appearing in 

Civil 


is essentially same as 


Journal, Institution of Engineers 


(London), 1951, No. 4.) 


“ prestressed concrete footbridge at Shrews- 
ury 


Concrete and Constructional 


V. 47, No. 4, Apr 


Engineering (London), 


1952, pp. 115-119 

Reviewed by GLENN MuRpuHyY 

The Freyssinet system was used in a con- 
struction of a 247-ft bridge over the river 
The 
involves two sets of three cantilever beams 
45 ft long and four precast beams 60 ft long. 
The cantilever beams are 7 ft deep at the 
The bridge is 11 ft 6 in. 
was designed for a total load of 118 psf. 


Severn at Shrewsbury. construction 


piers. wide and 
The deck is formed of precast slabs 3 in. 


thick. 


Construction details are described. 


Steam-coating steel pipe with cement mortar 
M. V. Lovina, Rock Products, V. 55, No. 4, Apr 
1952, pp. 197-198 & 211 
Reviewed by Donatp M. AGRIMSON 
A new and effective process known under 
the trade used 
for cover-coating sand- 


name of “Steam-Cote’’ is 


steel pipe with 


cement mortar. This process is not expen- 


sive because it has been reduced to its 


simplest elements. As the steel pipe slowly 
revolves on a lathe, spray-nozzles, supplied 
with form a 
coating over the length in a 
Because mortar is placed with 


steam, spray the mortar to 


entire few 
minutes. 
steam at a high temperature, hardening of 
the mortar coat is accelerated; immediately 
after completing the mortar coating the 
mortar is hard enough to permit lifting the 
pipe from the lathe with belt-slings. This 
process Offers great possibilities for cover- 
coating prestressed concrete pressure pipe, 
after the 
high tensile strength steel wire. 


concrete cores are stressed with 
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Concrete construction in French oil harbors 
(Betongkonstruktioner i franska oljehamnar) 


Paut Letmporrer, Betong (Stockholm), V. 36, No. 
4, 1951, pp. 187-203 
Reviewed by Ervinp HoGNnestap 


Due to the increased oil consumption 
during and after World War II the con- 
struction of special oil harbors has been 
found The structural units of 
such port structures have gradually become 


necessary. 


fairly standardized, as the facilities needed 
do not vary much in character. 

The present paper deals with the concrete 
structures of modern oil harbors at Le 
Havre, Dunkerque and Marseille. The 
author emphasizes an increased use of con- 
crete in preference to steel, considerable use 
of large precast elements, and an extensive 
use of prestressed concrete as typical of 
modern French oil harbor epnstruction. 


Modern method of concrete form construction 

in Sweden (Nyare formbyggnadsmetoder i 

Sverige) 

Davip V. OsTERBERG, 

No. 3, 1951, pp. 139-50 
teviewed by Ervinp HoGNnestap 


Betong (Stockholm), V. 36, 


New developments of form construction 
standardization as well as 


and 


are discussed, 


adjustability reuse being the major 
improvements of wooden forms. 
Prefabricated 


themselves 


beams and = slabs’ which 


serve as forms are mentioned, 
and some reusable shell forms are indicated. 

Heavier construction equipment, cranes 
in particular, have led to an increased use 
The author con- 
cludes that future developments probably 
will take place along the latter lines, reducing 


the need of concrete forms to a minimum. 


of large precast elements. 


Slip forms with hydraulic lifting (Glidformsg- 
jutning med hydraulisk formlyfitning) 


Sven-Ertk Svensson, 
No. 3, 1951, pp. 151-78 
Reviewed by Ervinp HoGNnestap 


Betong (Stockholm), V. 36, 


A new and hydraulic method of lifting 
slip forms, the Concretor-Prometo method, 
has been developed in Sweden. Its major 
a reduction of the lifting 
labor, increased lifting speed, uniform ascent 
of the forms, and simplification of concreting 
operations in general. 

The equipment con- 
siderable number of examples, from farm 


advantages are 


necessary and a 


silos to apartment buildings, are discussed. 


The author concludes that the method 
makes the use of slip forms possible over a 


wider field than present practice. 


Reinforced concrete and construction—Actual- 
ity and possibilities (Le beton arme et le 
batiment—Conquete et promesses) 

A. Bavency-Bearn, Cent ans de beton arme, Editions 
_ et Industrie (Paris), 1949, pp. 112-129. 1000 
rr 


Reviewed by Aron L. Mirsky 


A summary of reinforced concrete con- 
struction: what has been accomplished with 
it, and what can be accomplished in the 
future, with special attention to reduction 
of costs by increased mechanization, im- 
proved utilization of labor, and new types 
and methods of construction, e.g., tilt-up 
walls, precasting, ete. 

An abstract of this paper, by H. Weber, 
appeared in Zeitschrift V DI (Duesseldorf), 


Mar. 21, 1952, V. 94, No. 9, pp. 258-260. 


Use of high elastic limit wire and the control- 
ling of stresses in structures (Emploi du fil a 
haute limite elastique et reglage des con- 
traintes dans les constructions) 


R. VaLetre, Annales de L' Institut Technique du Bati- 
ment et des Travaux Publics (Paris), New Series No 
199, July-August 1951, Theories et Methodes de Calcul, 
No. 14 


Reviewed by C. P. Stress 


The 


wire is considered as 


limit 
a means of obviating 
load 


than a means of introducing stresses opposite 


pretensioning of high elastic 


excessive deformations under rather 


to those produced in service. This approach 
is illustrated with examples of a parabolic 
shaped concrete beam with a straight tie 
The 


tween the author’s concept of “prestretch- 


rod. differences (or similarities) be- 
ing’ and the more common concept of pre- 
stressing are brought out in an exchange of 
discussions with Freyssinet. 


Concrete piles repaired by caisson method 


I. Leon Guiassaoup, Ciril Engineering, V. 22, No. 3, 
Mar. 1952, pp. 51-53 


Reviewed by Ropsert E. Witve 


Repair of deteriorated concrete piles by 
using an open-tepped caisson which provides 
positive control at all stages of repair is 
described. After eroded concrete is chipped 
away and wire mesh anchored, a steel form 
is placed around the pile, to become a per- 
manent part of the structure after concrete 
placement. 
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“Bohemian dome" roofs of reinforced con- 
crete (in Czech) 


K. Hrvupan, Transactions of the Dr. E. Benes Technical 
University in Brno (Czechoslovakia), No. 83, 1951, 
35 pp. 
Reviewed by Ivan M. Viest 
A factory in Czechoslovakia was covered 
with a reinforced concrete roof 
domes rectangular in plan and with parabolic 
First’ five sections of the 
paper are devoted to the theoretical analysis. 
In the next two sections Professor Hruban 
test to destruction of a l4-scale 
model dome subjected to uniformly distrib- 
uted load. The design of the actual struc- 
ture is described in detail in the last section. 


series of 


cross sections. 


reports a 


The British Standard Code of Practice for re- 
inforced concrete 


D. A. Srewart, Engineering (London), V. 173, No 
4404, Mar. 14, 1952, pp. 341-343 
Reviewed by Anon L. Mirsky 


Author criticizes the Code (CP 114, 1948) 
for having become “the ignorant and lazy 


man’s recipe for good concrete,” with partic- 
ular attention to mix proportions, which he 
contends are wasteful of cement in that the 
mixes yield strengths far in excess of those 
listed; aggregate grading requirements, which 
he contends are too loose; aggregate shape 
and maximum size; bar spacing and ar- 
rangement, which he contends render con- 
crete placing and vibrating difficult; mix 
design; and other topics. 


The use of precast concrete elements in in- 
dustrial building work (Brugen af faerdigstobte 
elementer ved industribyggeri) 


P. Hansen, Beton-Teknik (Copenhagen), V. 17, No. 
3, Oct. 1951, pp. 84 Q4 


Reviewed by E1rvinp Hoagnestap 


The importance of reducing construction 
time is stressed. Such reductions can often 
be achieved through use of units. 
The author indicates that one-story buildings 
are particularly suitable for this method of 


construction. 


precast 


A detailed description is given of the con- 
struction of three typical factory buildings, 
a textile mill, a cigarette factory, and a 
tobacco factory. In all cases precast units 
were extensively used, only a few heavy 
units being cast in situ. Some of the precast 
units were also prestressed. The principles 


involved are illustrated by a number of 


drawings and photographs. 
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Prestressed-concrete road bridge at Aber- 
tillery 


Engineering (London), 
44096, p. 413 


Mar. 28, 1952, V. 173, No. 


Reviewed by Aron L. Mirsky 


Bridge consists of two unequal spans 
(71.5 and 61.5 feet, respectively), each on 
five girders. In erecting, girders were placed 
on trolleys which ran on railroad tracks 
placed cn the old steel (which was supported 
on falsework), pulled into approximate 
position longitudinally, and moved laterally 
into final 


position by hung from 


frames mounted on the abutment and pier. 


being 


90,000-ton reinforced-concrete silo for am- 
monium sulphate; Sindri, India 


Engineering (London), V. 173, No. 4498, Apr 


pp. 449-450, 464 


11, 1952, 


Reviewed by Aron L. Mirsky 


Describes a 660-ft long silo consisting of 
independent arch sections, each 30 ft long 
with a span of 143 ft 
and an 81 ft rise. 


abutments 
The 6-in. slab is thickened 
to 2 ft at springing and crown, and stiffened 
by 4 Gable ends of the 
silo are independent of the 


between 


ribs per section. 
end arches. 
Construction, by traveling forms, is described. 
The plant, capable of producing 1000 tons 
of artificial fertilizer per day, was described 
in the issue of Mar. 7, 1952, pp. 289-292. 


Fineness of grinding of portland cement (La 
oes de mouture du ciment portland arti- 
ciel) 


4. R. Sreinperz, Revue des Materiaux de Construction 
(Paris), No. 438, Mar. 1952, pp. 75-80 


Reviewed by Puiitiure L. MeLviLuer 


Fineness is an important factor in produc- 
tion and control of cement. It is measured 
by the specific surface assuming that all 
particles are perfect smooth spheres of same 
density and that the specific 
proportional to the hydraulic power of the 
cement. 


surface is 


Analysis is based on sedimentation 
Stokes 


method. 


according to 
Andreaen 


Law by use of the 
Results agree rather 
well with data obtained with the Wagner 
turbidometer. 


addended. 


Twenty-six references are 


The main access tunnel at London Airport 
Concrete and Constructional 


V. 47, No. 3, Mar 


Engine ering 
1952, pp. 91-96 
teviewed by GLENN MurRpnHny 


(London), 


A 2041-ft tunnel about 86 ft wide extends 
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from an adjacent roadway to the central 
area of the airport passing beneath a main 
runway. There will be about 10 ft of cover 
above the tunnel. The floor of the tunnel 
consists of reinforced concrete slabs 15 in. 
thick under the roads and 30 in. thick under 
the walls. The 28-in. roof slab is monolithic 
with the 18-in. walls. 
practices are being utilized. Photographs 
and details of construction are included. 
Nearly 100,000 cu yd of concrete are involved 
in the construction. 


Special waterproofing 


The design of an unusual bow girder 
Concrete and 


(London ° 
V. 47, No. 2, 


Constructional Engineering 
Feb. 1952, pp. 47-55 
Reviewed by GLENN MurRpHy 
One feature of a building in Uxbridge Road, 
Earling, is a curved 
girder, having a center-line length of 30 ft 
and supporting four columns. Two of the 
columns carry 48,000 lb and the other two 
62,000 lb. The girder 
two 7 ft 8 in. straight sections and a quadrant 


reinforced concrete 


carry consists of 
having a radius of 9 ft 3 in., and is therefore 
more complex in design than a girder curved 
throughout its length. The author presents 
analysis for the girder assumed (1) fixed at 
its ends and (2) continuous with the two 
adjacent straight griders. 

The girder is 45 in. wide with a depth of 
9 in. for a 30-in. portion of the width, and 
depths of 24 and 54 ins for the remainder. 


Bond stresses in reinforced concrete as a func- 
tion of area and spacing of ribs on deformed 
bars (Vidhaftningens teroande av kamarea 
ock kamavstand hos armeringsstal) 


K. G. Bernanper, Betong (Stockholm), V. 37, No. 1, 
1952, pp. 1-17 


Reviewed by E1vinp HoGnestap 


This paper reports an investigation of the 


bond between concrete and deformed bars 


as a function of the area and spacing of 
Two series of 
first 
slip at the unloaded end, the second con- 


ribs. pull-out tests were 


made, the involving measurements of 
cerning the distribution of steel stress along 


the embedded length. Two types of ribs 


were used, each with three different spacings. 


The results indicate that 


increases with increasing rib area and de- 


bond strength 
creasing spacing. For relatively small rib 
areas, however, the spacing is found to be 
the major factor influencing bond perform 


ance, while the rib area becomes the major 
factor if this area is relatively large. 

A new method of mounting electric resist- 
ance strain gages inside a reinforcing bar is 
described, the major advantage over earlier 
methods being that the disturbance of the 
The gages 
are placed in a -in. wide groove cut from 


bond situation is very small. 


the surface to the center of the bar. 


Modern Swedish concrete building practice 
Cin English) 

Nits TenGvik 
1952, pp. 55-04 


Betong (Stockholm), V. 37, No. 2, 


Reviewed by E1vinp HoGnestap 


On the occasion of the 40th anniversary 
of the Swedish Concrete Association a survey 
is presented of recent developments in con- 
construction and 
The 


extensive pictorial review of concrete strue- 


crete design practice in 


Sweden. survey is illustrated by an 


tures; primarily buildings, bridges, and 
power plants 

Brief 
Swedish 


industry. 


information is given regarding the 


types of and the 


The 


discussed with special relerence 


cement cement 


Swedish concrete  specifi- 


eations ee 


to concrete classes and allowable 


stresses 


for concrete and reinforcement Deformed 


bars, ready-mixed concrete practice, vibra- 


tion of concrete, and form work are also 


discussed. 


Some new data on the use of calcium chloride 
in concrete (Quelques precisions nouvelles sur 
l'emploi du chlorure de calcium en betonnage) 


M. Tuvumtieaux, Revue de Vateriaur (Paris No 
#35, Dee. 1951, pp. 361-65; No. 436, Jan. 1952, pp 


20-32; No. 437, Feb. 1952, pp. 54-10 
I 


I 
Reviewed by Paitiuie L. Menvivur 


The author, chief engineer with the Solvay 
CaCl, in 
Some long-time tests were undertaken some 
Field 
and 

The 
gave 
Tests 
reinforce- 
They showed that CaCl, will not 


Co., reviews the use of concrete 
10 vears ago in Paris and Stockholm 
France 
CaCl 


experiments were started in 


Belgium with 2 and 4 percent 


recommended quantity of 2 percent 
good results and increased strength 

were performed on corrosicn ot 
ment. 
cause steel to rust in a good concrete mix 
Other tests showed that CaCl, will not cause 
efflorescence or i.creased shrinkage. It may 
be used to seal 


advantage in & paste to 


cracks. American practices are abundantly 


quoted 
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Concrete box-girder bridge replaces obsolete 
structure at Duvall, Wash. 


Homer M. Haptey, Civil Engineering, V. 22, No. 2, 
Feb. 1952, pp. 31-34 


Reviewed by Rospert E. Witpe 


Brief 1182-ft 
concrete box-girder bridge. 
at 80 ft, three across the river at 
and 117 ft, and three at 80 ft. 
are continuous in sets of three. 


description of reinforced 
Spans are six 
117, 160 
These spans 

The river 
spans consist of a single two-celled, three- 
web girder 20 ft wide and 7 ft deep. The 
80-ft approach spans are carried by two 
separate girders, each 5 ft 6 in. wide and 
4 ft deep. 
6 in. thick and spaced 20 to 23 ft on centers 
are used in all girders. 


Interior transverse diaphragms 


Research on the amount of cement in mortars 
and hardened concrete (La recherche du dos- 
oge en ciment des mortiers et des betons durcis) 


J. Brocarp, Annales de L' Institut Technique du Bati- 
ment et des Travaux Publics, New Series, No. 231, 
Jan. 1952 


Reviewed by Puitiur L. MeLvILie 


Analysis of hardened mortars and concretes 
is performed by disintegrating the mass into 
aggregates and The aggregates are 
checked for gradation. The 
cement is computed on the basis of soluble 


fines. 
amount of 
silica. If C is the percent of cement in the 
concrete, s the percent soluble silica in the 
concrete, and S the percent soluble silica in 
the cement, then C 100 s/S. It is stated 
that be caused by aggregates 
which liberate silica, by the concrete being 


“errors can 
carbonated or by the use of binders with 
The 
accuracy of the method will vary between + 
5 and + 10 percent depending on whether the 
soluble silica content of the cement is known. 


very variable indices of hydraulicity.” 


The heterogeneity of the concrete is a han- 
dicap and extreme care should be used in 
sampling. 


A laboratory investigation of some bridge- 
deck systems 


FREDERICK 
Proceedings, Institution of Civil Engineers (London), 


Grorce THomas and ANpREW Snort, 
Part I, V. 1, Mo. 2, 


discussion) 


Mar. 1952, pp. 125-187 (including 


Reviewed by Aron L. Mirsky 


Tests of scale models of three types of 
decks: filler-joists (I- 
beams, fully embedded in slab), jack-arch, 
and slab-on-girdez, the last with and without 


composite bridge 


shear connectors. Concentrated loads were 
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applied at mid- or at quarter-span; strains 
and deflections were read and recorded 
Authors suggest modifications in current 
design methods to take advantage of com- 
posite action. There is also some discussion 
of new types of steel beams for use in such 
bridges; one especially noteworthy design 
used inverted T-sections with unreinforced 
concrete slabs placed between the webs at 
the top and then prestressed in both di- 
demon- 
strated the merits of this design, and the 
that 
the top flange of the steel girders, of the 
welded and of the 
reinforcement result in 


rections. Tests are said to have 


authors comment “the elimination of 


shear connectors, slab 


could considerable 
saving of steel.” 

A well-executed piece of research which 
ties in nicely with the studies recently re- 
ported from the University of Llinois. 


Prestressed concrete structures, some critical 
remarks (Forspanda betongkonstruktioner, en 
kritisk analys) 


Axe Hotmperca, Betong (Stockholm), V. 37, No. 1, 
1952, pp. 37-47 


Reviewed by E1tvinp HoaNnestap 


An attempt is made to establish a fair and 
just basis for comparing normal reinforced 
concrete and prestressed concrete structures. 
It is shown by comparison with Danish test 
that the ultimate strength of 
stressed beams may be computed with fair 


results yre- 
} 


accuracy according to the straight-line 
theory. 

A prestressed beam is then compared to 
a beam reinforced with high-grade Swedish 
reinforcement HJS 70 (minimum yield point 
100,000 psi), using an allowable steel stress 
for this reinforcement of 
about 78,000 psi, and Forssell’s anchorage 
rings. 
of course, lead to rather extensive cracking, 
but the author claims the dangers associated 


non-prestressed 


These high allowable stresses will, 


with such cracking have been highly over- 
estimated. 

The author concludes that, “in fair ccm- 
parison with normal reinforced concrete, 
prestressed concrete will generally lead to 
increased expense and inconvenience without 
advantages of importance. A 
parison cn the basis of present codes for 
design, however, will of course, give a quite 


different result.” 


any com- 
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High tensile alloy steel bars for prestressed 
concrete 
Donovan H. Les, Civil Engineering and Public Works 
Review (London), Part I, V. 46, No. 543, Sept. 1951, 
pp. 668-671, Part Il, V. 46, No. 544, Oct. 1951, pp 
770-771 
Reviewed by CHartes W. Dorn 
The use of alloy steel bars as described 
in this article has resulted in both a lower 
and a reduced of the end 
anchorages per pound of prestress, 


steel cost cost 
not- 
withstanding the weight of the steel being 
about 20 percent greater than that of the 
equivalent hard drawn wire. An enlarged 
detail of the Lee-MeCall thread and special 
nut are given and explained. A 160-ft span 
railway bridge is described. 

Part II describes the use of alloy steel bars 
as applied to bridgework and factory framing. 
Prestressed concrete piles on the Lee-MecCall 
system are also described. It is suggested 
that 10-in. square prestressed concrete piles 
are equal to 14-in. square ordinary rein- 
forced concrete piles and promise considerable 
economy where long piles are required. 
Improved quality through assured durability 
and a saving in site labor are cited as further 
advantages of this method of prestressing. 
This article is slightly condensed from a 
paper read before the First U. 8. Conference 
held at the 
Massachusetts Institute of Technology, Aug. 
14-16, 1951. 


on Prestressed Concrete 


Notes regarding the theory of flexure of 
lates and flat slab floors (Notes a propos de 
a theorie des plaques flechies et des planchers- 

champignons) 

R. L’'Herarre, Annales de L'Institut Technique du 
Batiment et des Travaux Publics (Paris), New Series 
No. 192, June 1951, Theories et Methodes de Calcul, 
No. 12 

AuTHoR's SUMMARY 


The author, starting from Timoshenko’s 


theory of plates develops in an original 


manner the case of the slab simply supported 


on two opposite edges and intermediately 
by one or more rows of columns parallel to 
These which are in 
mushroom slabs enable the author to 


the supports. slabs 
fact 
show the immense assistance given to the 
design office by the method of images and 
the relaxation method. 

The methodes (sic) of images is an artifice 
which enables the effect of a concentrated 
It con- 
sists in imagining the plate indefinitely pro- 


load or reaction to be calculated. 


longed beyond the support line, and in sup- 
pressing the support. 

Southwell’s relaxation method is a simple 
and even amusing application of calculation 
to finite differences. A rectangular network 
is drawn on the plate and each intersection 
is given a probable value of its moments 
and deflections. These values are then cor- 
rected by repeatingly applying a Laplace’s 
function’s figure. 

The author in an example calculates the 
distribution of the moments in a slab with 
a row of internal columns for each case of 
panel loading and for an L-shaped slab. 
He shows that it is possible in certain cases 
of loading to make openings in a slab pro- 
vided a simple correction is applied to the 
This 


likely to be widely used 


moments. process of openings is 


Concrete beams of trapezoidal cross section 
(Betongbalkar med trapetsformad tvarsektion) 


Uno ALesunp, Betong (Stockholm), V. 36, No. 4 
1951, pp. 229-246 


Reviewed by Ervinp HoGnestap 


Describes a practical application in a roof 
structure of concrete beams with trapezoidal 
cross section having a span (75 ft) consid- 
erably greater than uormally used in simple 
beams. Trapezoidal beams earlier 
theoretically by | the 
Betong, 1951, No. 1 
Oct. 1951). 


The beams are 


were 
author in 
ACT JournNaAL, 


discussed 


(review 


reinforced with deformed 
bars of the Swedish high-grade steel Ks60, 
marked 


The shape of cross section 


which exhibits a vield 
about 85,000 psi 


used in 


point at 


these beams has been found to 


result jn a satisfactory and economical 


This 
tractive due to the 


design solution shape is also at- 


relatively small width 
of the beams on the tension side. 

As relatively high working stresses were 
used, about 43,000 psi for the tension steel, 
one beam was subjected to a load test at an 
Deflections and the for- 


The test in- 


age of 6 months 
mation of cracks were studied. 
dicated that the beams are fully satisfactory 
as concerns the development of cracks as 
The width 
of cracks was about 0.004 in. maximum after 
414 years of test loading, and this crack width 


well as in respect to deflections. 


was in fair agreement with theoretical esti- 
mates. 
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The good results indicated are attributed 
to the following factors: suitable shape of 
cross section giving a high concentration of 
reinforcement in the high 
quality of concrete (5000 psi), high-grade 
deformed 


tension zone, 


reinforcement bars of relatively 
small size (14-in.), appropriate distribution 


of reinforcement, and good workmanship. 


New ways to use concrete (Nouveaux pro- 
cedes de traitenent du beton) 


R. L’Hersire, Annales de L'Institut Technique du 
Batiment et des Travaux Publics (Paris), New Series, 
No. 180, Mar.-Apr. 1951 


Reviewed by Puiu L. MELVILLE 


The theory of concrete is first 
investigated with the description of a packing 
(ratio of the coefficient of 
meability at a given point before and after 
With 


a constant speed wave of from % to % in. 


vacuum 


coefficient per- 


the passage of the depression wave). 


per minute, the coefficient varies between 
1.1 and 2.5 between the distant face and the 
treated face. Cohesion and internal friction 
are both increased and the strength of the 
fresh 
Mohr’s circle. 
strength 


concrete can be calculated by using 
The increase in compressive 
modulus of 


reach 8 percent. 


and elasticity may 

Air-entraiping concrete is next described. 
In addition to a theoretical analysis of the 
behavior of entrained air, the author gives 
some suggested practices which follow the 
American pattern. Finally, activated mortar 
such as used in “Colcrete,” “Colgroute” or 
“Prepakt”’ requires much caution and should 
be used under controlled conditions to avoid 
unreliable results. The study ends with a 


plea for further research. 


Study of the problem of bond in reinforced 
concrete (Etude du probleme de I'adherence 
dans le beton arme) 


Autrrep Bicwara, Cahiers du 
Technique du Batiment (Paris), 
1951 


Centre 
Cahiers 


Scientifique et 
117 and 127, 


Reviewed by C. P. S1ress 


Reports on extensive series of bond tests 
utilizing five types of tests: 
pull-out tests; (2) 
bar is twisted in concrete prism; (3) “end- 
to-end”’ pull-out which 
are pulled from opposite ends of a concrete 


(1) ordinary 


torsion tests, in which 


tests in two bars 
prism, thus placing concrete as well as bars 
in tension; (4) test for comparison of bond- 


ing properties based on elongation of a con- 
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tinuous bar embedded in a concrete prism 
as compared to elongation of similar bar 
unencased; and (5) beam tests. Tests were 
also made to determine the distribution of 
bond stress along bar utilizing SR-4 electric 
strain gages attached inside hollow bar and 
test procedures of types (1), (3), and (4). 
Torsion tests made on both plain and ‘‘Web- 
rib”’ bars, and pull-out tests made on various 
types of deformed bars; all other tests were 
with plain bars only. Beam tests by 
McHenry and Walker (ACI Journat, June 
1948) are described in detail. Other tests 
included measurements of local deformations 
of concrete adjacent to bar, crack widths, 
and a very few data on fatigue for a test 
of type (4) with internal SR-4 gages. The 
results of the tests are interpreted and dis- 
cussed at some length and recommendations 
regarding 


calculation of bond 


stresses in beams and desirable characteristics 


are made 


for bars. Extensive bibliography. 


New York's Pier 57 founded on two 27,000- 
ton reinforced concrete boxes 


Joun M. Buckuey and E. A. Verpriior, Civil Engi- 
neering, V. 22, No. 3, Mar. 1952, pp. 36-42 


Reviewed by Rosperr E, Wivpe 


Something new in the field of pier con- 
struction, Pier 57 will stand on two large 
reinforced load 
buoyancy. A 
box will support the bulkhead. 

Structural 


concrete boxes whose will 


be earried largely by third 
the 
boxes for the pier consists not only in massive- 


uniqueness of concrete 
ness of reinforcing, but also in construction 
methods, which include such techniques as 
union-melt, butt-welded 
and prestressed concrete for main deck con- 


reinforcing bars 
struction. 

Fach of the two boxes weighs approxi- 
mately 27,000 tons, contains about 2000 tons 
of reinforcing steel, and is roughly 360 ft 
long, 82 ft wide and 34 ft high; walls are 
about 2 ft thick. The bulkhead box weighs 
about 19,000 tons, is approximately 372 ft 
long, 87 ft wide and 28 ft high. The main 
deck consists of precast prestressed concrete 
stringers spanning about 20 ft and a 
crete topping and wearing surface. 
deck and 


concrete. 


con- 
The 
second roof are of reinforced 

Since the pier site was not large enough 
for construction of the boxes without inter- 


fering with shipping operations and because 
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of difficulties in delivering and handling 
construction materials, the boxes are being 
built about 38 miles upriver. When they 


are finished they will be floated to the pier 


site. After the boxes are spotted over their 
permanent locations, they will be sunk by 
pumping fresh water into them. As the 
superstructure is built up, the water within 
the boxes will be pumped out to compensate 
for the added weight. 

Placing of concrete for the boxes is ac- 
complished in seven lifts of six sections. 
The face of previously placed concrete is 
using a set-retardant, form- 
coating compound. The coating retards 
the set of the outer 1 or 2 in. of concrete, 
which can be washed off by hosing within 
24 hours after placing. 

Reinforcement is prefabricated into large 
Much of the rein- 
forcing is welded by the “submerged melt’’ 


prepared by 


sections on steel jigs. 


process. 

The precast prestressed concrete stringers 
are 19 ft long and roughly I-shaped, with a 
top width of 14 in., 18-in. bottom and 12 in. 
deep. Each stringer contains 30 wires of 
0.192-in. diameter with a working stress of 
160,000 psi. 

A modern batching plant was constructed 
at the upriver site. 
5000-Ib An air-entraining agent 
is used, as well as an admixture to improve 
workability. 
batching plant to placement site in ready- 
mixed concrete trucks which are equipped 


Specifications require 
concrete. 


Concrete is transported from 


and maintained under rigid specifications. 
Concrete is mixed for a minimum period of 
12 minutes. 
date has been during cold weather and all 
work is carefully controlled. 


Much of the concreting to 


Prestressed block-beam bridge 
E, G. Hurst, Rock Products, V. 55, No. 2, Feb. 1952, 
pp. 163-164, 176 
Reviewed by DonaLp M. AGRIMSON 
Beams assembled from concrete blocks, 
strung like beads on wire cable and then 
used for bridges, 
buildings, and even stadiums. This pre- 
Bryan and 


prestressed, are being 
stress technique developed by 
Dozier, consulting engineers, Nashville, 
Tennessee, working in cooperation with 
Carroll Strohm of Nashville Breeko Block 


and Tile Co., was first used in the con- 


struction of a football stadium at a cost of 
$7.65 per seat, less than one-half the cost 
of reinforced In the vicinity of 
Hillsboro, Ill., engineers completed the first 
bridge in the area using prestressed concrete 
block beams. This structure with a 30-ft 
span was designed for H-15 loading. 
Assembly of beams for this bridge was 
very simple. Blocks for the were 
placed on a level platform and assembled. 
The main blocks were shaped such that when 
joined to form the beam, a channel existed 


concrete. 


beams 


on each side; the cables were located in these 
Solid blocks were located at the 
quarter points and at the ends to position 
holes in the end blocks were 
located in the centers, whereas holes in the 
quarter-point blocks were 2 in. from the 
bottom to provide the eccentricity necessary 
to make the prestressing most effective. 

The cables consisting of seven 
0.60 in. in diameter were prestressed by 
a hydraulic jack to an initial tension of 
5000 Ib each to extrude the mortar applied 
to the of the blocks. The 
second day the tension was increased to 
20,000 lb and after seven days a final force 
of 30,000 Jb per cable was induced. Later 
refinements added to the assembly of beams 
provided for addition of transverse cables 
and the encasement with concrete to form 


channels. 


the cables 


strands 


contact faces 


a homogeneous mass. 

Advantages of this type of bridge over 
other types were found to be several—the 
superstructure can be placed in a very short 
time, there is no structural steel to require 
future maintenance, there is a gain of clear- 
ance over an I-beam bridge floor, and last 
but not least important is the small amount 
Plants, setting up for the 
assembly of beams and also for sale of block 
to others who wish to handle the assembly 


of steel required. 


at the site, find the original investment very 
low. 


Proceedings of the German Concrete Associa- 
tion 
Deutscher Beton-Verein, Wiesbaden, V. 48, 1951 
Reviewed by Paut Rocrenrs 
As in the previous years, the proceedings 
of this organization numerous 
interesting articles about the recent develop- 
ments in concrete design and construction in 
European countries. It is significant that 


contain 
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almost all the major concrete works employ 
prestressing and indeed several of the papers 
deal with details of such construction. 

Klett 
at Heilbronn. 


railroad bridge 
This is the first 


stressed concrete railroad bridge in Germany 


describes the new 
major pre- 
It is a five-span, sharply skewed, continuous 
box type structure with a 
70 ft. 
moment diagrams, and prestressing is pro- 


maximum span 
about Cable reinforcing follows the 
duced by hydraulic jacks pressing against 
semicircular concrete end-blocks. Two gir- 
ders were tested to destruction. 

Gaede presents a paper on the testing of 
concrete and suggests the use of larger 
number of test blocks and improved methods 
of testing. 

Spanier demonstrates the construction of 
the hydro-electric works at Neuotting 
This is a low bead dam and the power plant 
The 


was very extensive and produced considerable 


uses Kaplan turbines. construction 


additional electric power. 
Haggbom describes certain Swedish con- 
crete others a large 


constructions, among 


silo, a tower and an apartment building. 
Furthermore, 
Sando 


This fixed arch bridge has a span 


all built with moving forms 
he shows the details of the new 
bridge. 
of about 800 ft, and is a box-type structure 
with a maximum depth of about 20 ft at 
the spring-line and about 9 ft at the crown. 
The formwork itself was a major engineering 
achievement. 

Di Brai 
electric 
the thin 
shells. 


Pelton-wheel type 


Italian hydro- 
Most of the dams are of 
practically 


presents several 
works. 
rotational 


Several of the turbines are of the 


arch type, 
For some of the dams 
models of considerable scale were built and 
tested. An 
closure of the power plants in caverns of 


interesting feature is the en- 
the rock, some with 75-ft span arch roofs 

Finsterwalder, of thin shell fame, presents 
a 34-page treatise on certain prestressed 
constructions, where instead of cables, high 
rods, St 90 were The 


breaking strength of this steel is 130 kips 


tensile steel used 


per sq in and they are stressed 50 percent 
of this value or about 65 kips per sq in. 
The that this 
steel can be preshaped to the desired form, 
indeed the 


advantages seemed to be 


and arrangement of the steel 


resembles reinforced concrete construction 


September 1959 


inasmuch as the steel follows the moment 
diagram and is also discontinuous; at one 
end it is anchored in the mass of the con- 
crete, the other end projects above the top 
where the 


of the girder post-tensioning is 


applied. By projecting the girders beyond 
the end-supports and connecting them to 
dead-man abutments, rigid 


tvpe Irame 


actions are brought about with considerable 
The follow- 
Laibach, 


90 ft; Isar, three-span with maximum span 


reduction of bending moments 
ing bridges are described in detail: 


of 110 ft; Fulda, three span with maximum 
130 ft; Ganstor, 275 ft; Ederstrom, 


with span of &5 ft; 


span of 
siX-span maximum 
Kuppersteg railroad bridge, 70 ft: Schongau 
railroad bridge, 85 ft; Balduinstein, 208 ft; 
also an outdoor dancing platform of 80 ft 
diameter; and a 63-ft diameter liquid con- 
tainer, ete. 

Meier describes the design and construction 
of new type prestressed railroad ties. Con- 


siderable research preceded the design 
which included photoelastic and impact tests 
and measurements. 

Fuchs works 


constructed on the Rhine, Main and Danube 


presents several hydraulic 


rivers. Most of the dams are of low head 
with Kaplan turbines, navigation locks, fish 
ladders, etc. Some of the crane-supporting 
superstructures are 
Photoelastic 


of precast rigid frames. 


investigations were made for 
foundations, and reinforcing was placed to 
follow the main stress-trajectories. 

Lutze analyzes the application of prestress- 
ing to numerous constructions, as concrete 
pipes, tunnels, bow-string trusses, trestles, 
warehouses, bridges, ete. Also described are 
the reconstruction of the ports ol Le Havre 
and Rouen, France 
devoted by 


Twenty-five pages are 


Hirschfeld to photoelastic methods as applied 
loaded = in 


to plates their plane, and the 


mathematical interpretation of the results 


is included. Among the examples are plates 


with several openings, simulated footings, 


with doors and windows, column- 


brackets, 


Walls 


sewer-pipe profiles, and open 


spandrel arch bridges. 


Finkbeiner describes new construction 


methods with special emphasis on apart- 


ment buildings. Several lightweight con- 


crete slab fillers are shown, also T-shaped 


hollow concrete blocks for wall construction. 
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Analysis of Beam-and-Girder Framing with Known 
Column Settlements™ 


By PHIL M. FERGUSONt 


SYNOPSIS 


Systematic tabulation of data and the development of relatively simple 
criteria for cbocking the equilibrium of joints between columns make analysis 
by successive approximations entirely practical. Moment distribution tabula- 
tions are laid out on a plan view of the framing. Separate, but similar, tabula- 
tions are used for moments about the z-z and y-y axes. Beam-and-girder 
intersections are treated as joints whose elevations are first estimated. Fixed- 
end moments due to joint deflections are balanced; then summations of vertical 
forces (shears) at the joints indicate the corrections needed to move nearer 
equilibrium. 


INTRODUCTION 


When concrete beams frame into girders instead of columns, a true beam 
analysis is complicated by the flexibility of girders as supports. Girder deflec- 
tions are often neglected to simplify an analysis. However, when a building 
settles nonuniformly, the settlement moments and shears in both beams and 
girders can be evaluated only if the girder deflections can be determined at 
the points where beams are supported. When there are a number of these beam- 
and-girder joints, practical solutions must be based on some type of successive 
approximation utilizing moment distribution. 

When only two or three beams cross each girder, the frame analysis problem 
ean be made less difficult than it might at first appear. The success of such an 
approximation method depends upon a systematic tabulation of data and the 
development of relatively simple criteria for equilibrium. 


MOMENT DISTRIBUTION FOR THREE-DIMENSIONAL FRAME 


The floor plan of Fig. 1 will be analyzed for the relative column movements 
listed alongside each column. As a matter of convenience Column F, the lowest 
column, has been used as the reference datum. 

Symmetry of both frame and settlement permits the analysis to be limited to 
two bays, a total of 14 joints, counting beam-and-girder intersections as joints. 
For more extensive structures, the work is increased in direct proportion to the 
number of joints, but the complexity or rate of convergence is not changed. 


*Received by the Institute Feb. 12, 1952. Title No. 49-6 is a part of copyrighted Journa. or Tuk AMERICAN 
Concrete Instirute, V. 24, No. 2, Oct. 1952, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Feb. 1, 1953. Address 18263 W. McNichols 
Road, Detroit 19, Mich 


tMember American Concrete Institute, Chairman Dept. of Civil Engineering, University of Texas, Austin 
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The slab as a stiffening medium is 
neglected in this paper as too difficult a 
problem for present methods. The 
slab as the flange of the beams and 





girders is included in the calculation 





of member stiffness. 





| The rotation of one of these joints 


about its y-y axis causes bending 


























= 0 





moments in the girder (and column) 
and torque in the beams adjoining. 
Fig.'1 —Plan of structure analyzed and relative 


column displacements due to _ settlement. : ‘ ‘ 
Symmetrical about x-x and yey aXIS Causes torque In the girder and 


bending moments in the beams (and 
column). Moments, rotations, and torques about axis z-x can be entirely sep- 


A rotation of a joint about its x-z 


arated from the corresponding terms about axis y-y so long as all members inter- 
sect at right angles. Separate calculation sheets will be set up for the two axes. 

Moments and torques will be recorded on the floor plan at each joint in boxes 
or forms (Fig. 2) which are expansions of the standard form developed by the 
Portland Cement Assn. It will be noted that column moments can show in each 
tabulation since columns receive bending about each axis. 

Signs of torques and moments will be determined by viewing the joint from 
the bottom of the figure for rotations about y-y and from the right margin for 
rotations about z-r. A torque or a moment which tends to rotate the joint in a 
clockwise direction will be given a positive sign. Carry-over factors for moment 
will all be one-half (positive) and for torque minus one as indicated in Fig. 2. 


STIFFNESS AND DISTRIBUTION FACTORS 


For beams and girders the moment stiffness will be 4F//L, as usual in 
moment distribution. For each segment of the girders, L is taken as the distance 
' center to center of joints, 7. e., in Fig. 

1 one-third of the column spacing. 
The torque stiffness* is 
Ke T/0 JG/L 
Where 
y torque acting 
0 = angle of rotation in length L 
e torsional stiffness factor (taking 
the place of the polar moment of 
inertia used with circular sections) 


G shearing modulus of elasticity 
7" Mo. | Torq: 0.4A3E 


é 
y 


Fig. 2—Standard forms for tabulating moment 
distribution calculations at each joint. Carry- Snteietil. Cotsvets Biudterts: Wedbeits. Qo8 BA. 
over factors are also indicated pp. 412-420. 


A slight approximation relative to 
the columns simplifies the solution. 
Complete symmetry in Fig. 1 elimi- 
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nates building sidesway. (Sidesway should usually not be important and its 
calculation would further complicate matters.) Nevertheless, columns rotate 
some at each floor in such fashion as to put them into reversed bending between 
floors. For intermediate floors, rotations on a given column will vary little 
from floor to floor and the point of inflection will be very near mid-height of 
the column. The columns may then be taken as terminal members having 
an effective stiffness of 627/L (an increase of 50 percent due to reversed 
bending). Just below the roof or above the foundation, this stiffness factor 
might need some adjustment. It is also possible to analyze several floors to- 
gether when very irregular framing justifies; but this requires that moments 
distributed to columns be carried over to the far end of column, that is, from 
one floor to another (which means from one calculation sheet to another). The 
example in this paper uses the 6£//L stiffness. 

The various stiffnesses are tabulated in Table 1 and sample distribution 
factors for joint A (Fig. 3) are tabulated in Table 2. 


INITIAL FIXED-END MOMENTS 


Since fixed-end moments involve no joint rotations, there will be no initial 
fixed-end torques. The elevation of intermediate joints on the girder will first 
be estimated as shown on Fig. 3. Linear interpolation between column eleva- 
tions could have been used for the first estimate. 

In the calculation of fixed-end moments due to deflections, absolute values of 
E, I, and L must be used; relative values are not adequate. The fixed-end 
moment is M = 6EJ A/L?, where A is the deflection in length L. The moment 
sign can be obtained by inspection, being positive when the beam tends to 
rotate the joint clockwise. In Fig. 3, fixed-end moments are shown alongside 
each member, with correct signs, which are the same for each end of a member. 
As an example, for E = 3000 ksi, 

MF 4c M’ oa = 6EIA/L? = 6 XK 3000 XK 5930 (0.385 — 0.320) + 80? 
1084 kip-in. +90.3 kip-ft. 


TABLE 1—MEMBER STIFFNESS 
(INCH UNITS) 


A B Cc 
0385" +0820" +0250"+0190" solge" +0183" +0161" Member | x | 7 | 1 | wulftnens| stinees 
{903 | +974 | +834] +56 | +42 | 28 
Wall beams 5930 | 5520 OS. SE OIE 


Interior beams 7400 | 6740 123.2E 12.0E 
Wall girders 5930 5520 | 206.0k 30.2E 
o Interior girders |17100 |10170 S55.0K 54.5E 
x Wall! columns 2070 3 4.4K 
' 


Interior columns) 5860 32 | 266.0F 





























ee ee ee ee ee TABLE 2—DISTRIBUTION FACTORS AT 


| Rotations about y-y |Rotationsaboutz-zr 


= a. ve . 
oma CBT SORT sages OO? ORT = og 
D E F Member 


Stiffness D.F Stiffness | D. F 


Column above |M 94.4E | 0.191 M 94.4KF | 0.297 
Fig. 3—(Quarter-plan showing first assumed Column below |M 94.4£ | 0.191 |M 94.4E | 0.297 
elevations of beam-girder joints and corres- 4" otecn | case lie cea | Saat 
ponding fixed-end-moments on beams and Zz Be Peace 
girders Total 495.0F 1.000 317. 8K 1.000 _ 
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EQUILIBRIUM CRITERIA 


Although adequate data are now at hand for distributing and balancing 
moments about both the z-z and y-y axes, it is desirable to establish equilibrium 
criteria for testing validity of the assumed deflections and the related solutien. 

The criteria proposed for beam-girder joints are based upon the fact that 
DF yee. = O for each joint (Fig. 4). This is further simplified because no external 
joint loads act for this settlement problem. 

LP vert V best V prions + Veront V rear = O 
At joint G (Vig. 3), if moments are in foot units: 
Mag + Mea Men + Mue Mep + Mpa 
6.67 Vio wie 


Maa + Mea — Meu Mua + 0.333 (Mep + Mpa) 0 


-Q =0 


Due to symmetry, moments on beam PG’ (in “front”’ of joint P) will be the 

same as those for PG but of opposite sign. The equilibrium criterion at P is: 

Mpp + Mpp Mpa + Mep (Map + Mpa) Map + Mpg 
6.67 * a 20 20 


Mpp + Mpp M pe Mop 0.667 (Map + Mpa) =0 


—_ Oo 


Similar criteria can be written for the other joints, almost by inspection. When 
the fixed-end moments of Fig. 3 are distributed and balanced, the resulting 
moments can be tried in these criteria equations. If these equations are exactly 
satisfied, the assumed elevations of joints are correct. To the extent that the 
criteria are not satisfied, further adjustments of the trial elevation of the joints 


are indicated. Raising a joint reduces the summation of moments making up 
the criterion equation for that joint; lowering the joint increases the moments. 


MOMENT DISTRIBUTION LAYOUT 


The moment distribution process involved is shown in Fig. 5 for rotations 
about y-y and in Fig. 6 for rotations about z-z. Because of space limitations 
calculations are shown for only one 
V bay of the building and for the first 
Rear palpioee og apenenel | 
V, few trials, but this illustrates the pro- 
Left 


cess and the form. In general, alter- 





nate panel sequences of joint distribu- 





tions have been used. To keep in mind 
the torque carry-over factor of minus 
one, data columns involving torques 
are marked at the top with the letter 7. 











For rotations about y-y, ‘oints C 





V and F are taken as fixed, due to sym- 
. metry. Joints along line DEF would 

Right : shinsgtisy:- ' 
show symmetry in the torques set up 


Veront in the adjoining beams. Due to this 





; pitt: symmetry, whenever a carry-over tor- 
Fig. 4—Shears on a typical beam-girder joint. é ; ¢ 
Shears are shown in positive sense que is written in a beam such as DA 
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ANALYSIS OF BEAM-AND-GIRDER FRAMING 


TABLE 3—CRITERIA TRIALS AND CORRECTION DEFLECTIONS 


~ Trial | Add, | Trial | Add, | Trial Add, | Trial | Add, 
Joint No. 1 in. No. 2 in. No. 3 in. No. 4 in. 


- OO4 + 1.0 0 7.9 002 
+ O05 0.9 ~ .0O2 + 0.3 O01 
+ OO] 8.4 002 5.4 002 

.002 6.1 .002 2.0 001 
002 18.2 ~ 002 3.3 001 
Q ~ 166.7 O13 + .OO2 + 3.4 0 9.4 O01 
R 76.9 - 006 + .002 19 | O 10.6 001 
S + 32.1 + O03 003 16.2 001 1.2 - OO! 
Trial Add, Add, Trial Check 
Joint No. 5 in. in, No. 7 run 


G + 30.2 + .008 
H + 45.9 —.012 
M — 27.6 | —.008 
N - 43 — .002 
- + 96.4 +.008 


hn 


th 


to Grinto 


oI 
—oon) 
IDae 


~ 


~! 
— 


G 4; ~ .002 
H 4 .001 
M l. 001 
N 4. — 002 
Pp 3.6 —.001 

3'¢ 

) 


0. 


0. 
0 
+1. 

1. 


ah okt 
Suton 


ow 
— de de CO SO 


qQ —3. .001 
R —6. - 001 
S 


O01 


at joint D, a like carry-over torque is written in for DA’. 
For rotations about axis z-r, symmetry about line DEF means no rotation 
along this line of joints, even though vertical displacements have occurred. 
Symmetry along axis CF indicates that, whenever a torque carry-over is 
written for CN at joint N, or FS at joint F, a like torque carry-over must be 
written for CN’. 


CORRECTION PROCESS 


After moment distribution has been continued for two full cycles, the remain- 
ing carry-overs are not so large as the probable further corrections that are 
needed; hence a trial summation noted as 21 is run. Omission of the last (un- 
balanced) carry-over from these summations (except at fixed ends) seems to be 
preferable in this type of problem, but the carry-over is not neglected; it is 
included in the next balancing of the joint. . 

In Table 3 the second column shows the first summation of moment terms 
corresponding to the several equilibrium criteria. For example, at joint G, the 
criterion summation is: 

Mag + Mea Meu Mug + 0.333 (Mep + Mpe) 
The first four of these moment terms are 1 values from Fig. 5 and the terms 
in parentheses are Y1 values from Fig. 6. The summation then becomes: 

+ 23.9 + 5.2 + 4.9 + 3.3 + 0.333 (-3.9 — 17.3) + 30.2 
This +30.2 corresponds to an unbalanced shear of 30.2/6.67 4.52 kips at 
this joint. Since all of the Trial No. 1 summations are rather large, instead of 
being zero as desired, corrections to joint elevations are obviously needed. 
The positive value at G indicates this joint should be raised; the negative value 
at H indicates this joint should be lowered. All joints are considered in this 
fashion. Trial changes in elevations have been indicated in the third column and 
also on Fig. 7 where the corresponding additional fixed-end moments are also 
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Cc shown for each member. The fixed- 
end moments added on the beams are 


8 M “ N ” 
-0.008" -0.002 





P+ | -83 “287 


so small relatively that no new distri- 
butions for rotation about z-x were 
actually run until after the third cor- 











rection was accumulated; as a matter 
= cm a Soe See of expediency the totals already run 
- +84.0 |-52.0 1+24.0|-36.0 |+120 | : ss = 
z —. “> a for =1 were used for ©2 and 33. 
+0.008"-0.013 -0.006" +0003 ts 
P Q ¢ R s F lable 3 shows all trials of the crite- 
ria equations and subsequent correc- 

















D 


Fig. 7—First corrections in joint elevations and p ets ee 
fixed-end moments tions. The moments marked as 37 in 


Fig. 5 and 6 are the final moments; 
the corresponding moments in bay BCFE are not shown. 

A little practice should bring convergence somewhat more quickly. This 
problem was an early one worked by the author and was used here to show 
what might be expected without any particular skill. No further corrections 
seem necessary. It should be noted that there may be some loss of accuracy in 
the last decimal place due to handling many small quantities. For comparison 
the distribution process was repeated for the final elevations, leading to the 
results shown in the last column of the table. 

There is some question as to whether this degree of “accuracy’”’ is justified. 
Settlements can rarely be calculated accurately and hence ‘‘accurate’”’ caleula- 
tions of moments and shears do not seem warranted. Furthermore, it is neces- 
sary at the present time to assume that concrete acts as an elastic material in 
calculations such as these. On the other hand, settlements and settlement 
stresses develop gradually, starting at an early period in the life of the con- 
crete, and the influence of creep or flow cannot properly be ignored. Flow 
should not modify greatly the relative values of moment calculated here, but 
the real moments should be considerably lower than these calculated values. 
This effect might be approximated by using a reduced modulus of elasticity in 
calculating fixed-end moments. It is very possible that the results of Trial 
No. 4 are of as much practical value as those of the last trial. Nevertheless, 
some basic method such as this one is necessary before proper attention can be 
directed to the problem of relief due to flow and the effect of the slab stiffness 
as a distributing diaphragm. 


OTHER GRID PROBLEMS 


This type of solution can be used with almost no modification for analyses of 
simple grids carrying external loads. The presence of columns or points of 
known elevation is favorable to the method. However, as the number of grid 
joints between supports increases, the difficulty of visualizing the complete 
effect of a given joint movement creases rapidly; the necessary number of 
trials likewise increases. Hence this method without modification is not believed 
to be the answer to all types of grid problems. However, it does answer for most 
problems associated with ordinary beam-and-girder construction. 








This report is a step toward standardization of 


terminology of prestressed concrete. 


Since it is 


related to later work of the committee and is basic 
to a common language in dealing with this sub- 
ject, widespread discussion is invited. 
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SYNOPSIS 


Proposes definitions and notations for general adoption in discussing pre- 
stressed concrete and for design purposes. 


INTRODUCTION 

ACI Committee 323, Prestressed Concrete, was organized in 1942 to review 
present knowledge of prestressed concrete and to develop design procedure and 
to recommend needed research. The committee was reorganized and expanded 
in 1949 and it became a joint committee with ASCE in 1952. Its five sub- 
committees are working on various aspects of prestressed concrete and the 
notations and definitions presented in this report were prepared by Subcom- 
mittee III under the chairmanship of Professor C. P. Siess. The definitions and 
notations have been the subject of much discussion within the committee both 
at meetings and by correspondence and it is hoped that they will be generally 
accepted. However, comments which may lead to later revisions will be wel- 
comed by the committee. 


PROPOSED DEFINITIONS OF TERMS RELATING TO PRESTRESSED CONCRETE 


Prestressed concrete 


Concrete in which there have been introduced internal stresses of such mag- 


*Received by the Institute July 11, 1952. Title No. 49-7 is a part of copyrighted JourNnat or THe AMERICAN 
Concrete INstirure, 24, No. 2. Oct. 1952, Proceedings V. 49. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Feb. 1, 1953. Address 18263 W. MeNichols 
Rd., Detroit 19, Mich 


This report was submitted to letter ballot of the committee which consists of 22 members; 14 members returned 
their ballots of whom 13 have voted affirmatively, 1 did not vote, and none voted negatively 
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nitude and distribution that the stresses resulting from the service loads are 
counteracted to a desired degree. In reinforced concrete the prestress is com- 
monly introduced by tensioning the reinforcement. 
Pre-tensioning 

A method of prestressing reinforced concrete in which the reinforcement is 
tensioned before the concrete has hardened. 
Post-tensioning 

A method of prestressing reinforced concrete in which the reinforcement is 
tensioned after the concrete has hardened. 
Bonded reinforcement 

Reinforcement bonded throughout its length to the surrounding concrete. 
Unbonded reinforcement 

Reinforcement not bonded to the concrete. 
End-anchored reinforcement 

Reinforcement provided at its ends with anchorages capable of transmit- 
ting the tensioning forces to the concrete. 
Cracking load 

The external load which, according to design computations, would cause 
cracking of the concrete. 
Creep 

Inelastic deformation of concrete or steel, dependent on time and result- 
ing solely from the presence of stress and a function thereof. 
Shrinkage of concrete 

Contraction of concrete due to drying and chemical changes, dependent on 
time but not on stresses induced by external loading. 
Nete 

In describing the manner of prestressing for a particular case, it is necessary 
to give the following information: 

(a) Whether the reinforce nent is pre-tensioned or post-tensioned. 
(b) Whether the reinforce nent is bonded or unbonded. 


(c) Whether or not the reinforce nent is end-anchored. 


PROPOSED NOTATIONS FOR PRESTRESSED CONCRETE 
Cross-sectional constants 


P area of entire concrete section (steel area not deducted) 

. area of transformed section A.’ = A, + (n — 1) A, 

‘ total steel area, steel area in simply reinforced section 

ff, As area of botto n (top) reinforcement in doubly reinforced section 
C9. center of gravity of entire concrete section 


A 
A 
A 

1 


C.g.c. center of gravity of transformed section 
center of gravity of steel area 
total depta of section 


effective depta of section 
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= width of rectangular section 

= width of web of beam 

- depth of bottom (top) flange of beam 
width of bottom (top) flange of beam 
distance of bettom (top) fiber to c.g.c. 

= distance of bottom (top) fiber to c.g.c.’ 
eccentricity of c.g.s. with regard to c.g.c. 
eccentricity of c.g.s. with regard to c.g.c.’ 
moment of inertia of entire concrete section about c.g.c 
moment of inertia of transformed section about c.g.c.’ 
section modulus of bottom (top) fiber, referred to c.g.c. 
section modulus of bottom (top) fiber, referred to c g.c. 
radius of gyration 
neutral axis of cracked section 


dead load per unit length when the prestress is being establishe 1 (dead 
load of prestressed girder) 
= additional (superimposed) dead load per unit length appliel when the 
prestress has been established (dead load of deck, flooring, roadway, ete.) 
Wp = total dead load per unit length = we + ws 
Wy = distributed live load per unit length 
P, = concentrated live load 
Me = bending moment due to we 
Ms = bending moment due to ws 
Mp - bending moment due to wp 
M, = bending moment due to live load 
M, = bending moment due to eccentricity of prestress force 
V shear 
Notation relating to prestressing only 
First loading stage—Combined action of prestressing forces and dead loads (sustained 
loads) 
Second loading stage—Combined action of prestressing forces, dead loads and live loads 
Third loading stage— Ultimate loads based on cracked tension zone 
= initial prestress force 
= prestress force after release 
= effective prestress force after deduction of all losses 
Stresses 
Concrete 
sg cylinder strength at 28 days 
cylinder strength at the age of prestressing 
permissible compressive stress 
permissible compressive stress at the age of prestressing 
= compressive stress generally 
ji = stress at c.g.s. 
fe = stress at c.g.c. 
S°ri, fir, = stress at bottom (top) fiber due to initial prestressing only 


S’r, f'r = stress at bottom (top) fiber due to effective prestressing only 


fra, S'e = stress at bottom (top) fiber due to dead load we only 

f’s, f's stress at bottom (top) fiber due to dead load ws only 

fp, fo = stress at bottom (top) fiber due to tetal dead load wp only 

fr, f't = stress at bottom (top) fiber due to live load only 

Sf’ roa, f'vog = stress at bottom (top) fiber due to prestressing at release, F,, and dead 
load we 
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S’ra, f'rg = stress at bottom (top) fiber due to effective prestressing, F, and dead 
load wg 
S’rp, f'rp = stress at bottom (top) fiber due to effective prestressing, F, and total dead 
load (stresses at first loading stage) 
f’rr, f'rr = stresses at bottom (top) fiber due to effective prestressing, F, and total 
load (stresses at second loading stage) 
= compressive stresses at failure (third loading stage) 
tensile stress generally 
= permissible tensile stress 
= shearing stress 
principal compressive stress 
= principal tensile stress 
vertical stress component 
horizontal stress component 
modulus of elasticity of concrete 
ratio of modulus of elasticity of steel, Z,, to that of concrete, E, 


= ultimate strength of steel 
permissible tensile stress 
= steel stress generally 
steel stress due to initial prestressing 
steel stress due to prestressing after release 
= steel stress due to effective prestress force after deduction of all losses 
steel stress loss due to elastic deformation of concrete 
steel stress due to shrinkage 
= steel stress loss due to creep of concrete 
steel stress loss due to creep in steel 
= total steel stress reduction 
additional bending stress in cracked section 
stress at failure 
modulus of elasticity of steel 
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Discussion of a paper by ACI-ASCE Committee 323: 


Proposed Definitions and Notations for Prestressed 
Concrete” 


By ELIHU GEER, K. E. KNUDSEN, FRED E. KOEBEL, DONOVAN H. LEE, WILLIAM R. 
LORMAN, A. M. LOUNT, JR., IWAN M. VIEST, and A. E. CUMMINGS and C. P. SIESS 


By ELIHU GEERT 


Although the title refers to “prestressed concrete,” the definitions are in 


terms of “reinforced concrete,” “reinforcement,’’ and “prestressing the 
reinforcement.” This is unsatisfactory. Each material is treated in its 
particular way, and each requires its own terminology. As Guyon sayst 
“The beam .. . is composed, as (is) a beam of reinforced concrete, of two 
materials, concrete and steel, of which the one, concrete, works in compression 
and the other, steel, works in tension. But the analogy stops there, and the 
functioning of the two beams is completely different.”” Furthermore, both 
reinforcement and prestressing steel are sometimes used in a single beam. 

It is misleading to say that creep results solely from the presence of stress, 
but might be satisfactory to say in the presence of stress. Some steel wires 
creep and others do not creep in the presence of the same amount of stress. 
The nature of the material is an important factor. 

The following comments apply to specific symbols or groups thereof: 

A,: What is a “simply reinforced section?” Is the term intended for reinforced 

concrete or for prestressed concrete? 

c.g.c., €.g.c.', 6.g.8.: The correct term is “centroid” and not “center of gravity.” 

(See any standard book on statics.) 

c.g.s.: Is this intended to apply to reinforcement or to prestressing steel? 

h:  , The symbol used in standard books on reinforced concrete is a. 

d: Does this symbol mean the same as it does in reinforced concrete? 

r, Z: Is the section that of concrete alone or transformed? 

th, te: Sloping flanges are used commonly. What is the depth of a sloping flange? 

M,: To which stage of prestressing does this apply? The ambiguity can be avoided 

by using Fe or Fye. 

A symbol is needed for secondary moment. How about M,? 

It will be convenient to use prime marks to indicate moments opposite in sign to Mg 

E.: It will be convenient to be able to distinguish between the modulus apparent 

at the time loads are applied and that after some time under permanent loads. 

Steel: Is this reinforcement or prestressing steel? 

A: This is one place where it seems logical to add a letter and thus conform to 

mathematical usage, e.g., A fee. 

*ACI JourRN AL, Oct. 1952, Proc. V. 49, p. 85. Dise 49-7 is a part of copyrighted Journal or 
Concrete Instrrute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 


tProfessor and Chairman, Department of Civil Engineering, University of Detroit, Detroit, Mich 
tGuyon, Y., Beton Precontraint, Institut Technique du Batiment et des Travaux Publics, Paris, France, 1951. 


THE AMERICAN 


88-1 





88-2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1953 


E,: Again it will be convenient to differentiate between the E of individual wires 
and the apparent modulus of a strand. 
At the bottom of p. 87 the symbols of five letters using superscripts, subscripts, 
and subsubscripts would be a nightmare to a typesetter, worse than that to a 
typist, and a snare to the user. Surely this can be avoided. 


By K. E. KNUDSEN* 


The definitions and notations for prestressed concrete proposed by Joint 
ACI-ASCE Committee 323 are welcome to all who work with this structural 
material. The proposal is complete and practical, but the following remarks 
may perhaps be considered by the committee. 

The proposed American and English notations (“First Report on Pre- 
stressed Concrete,’ The Institution of Structural Engineers, London, Sep- 
tember, 1951) differ widely. It is considered most desirable to arrive at 
common notations in the English-speaking countries. This consideration 
should overshadow detailed preferences as to choice of symbols. 

To facilitate typing, Greek letters should be avoided. The symbol A used 
for losses in steel stress could be substituted by L. 

The section modulus is more commonly designated by S, while Z is now 
frequently used as the notation for the plastic modulus of a cross section. 
Using S in the above meaning, unit stress components could be indicated 
by s. 

Notations are frequently needed for the following quantities not included 
in the proposal: 

Modulus of rupture 

Factor of safety against cracking 

Factor of safety against failure 

Steel proof stress (0.2 percent permanent elongation) 


By FRED E. KOEBELT 


The paper is a definite advance in the general field of prestressed concrete 
design. 

It appears that Committee 323 has tried to reduce the number of defini- 
tions and notations to a minimum, which is an excellent idea. However, it 
is the feeling of the writer that a few minor items have been omitted. In 
the definitions of terms, it is suggested that the term ‘‘creep”’ be applied only 
to the inelastic deformation of the steel. It is felt that the term “plastic 
flow” should be included to define the inelastic deformation of the concrete. 


The deformations take place in each individual material, and the value of 


one is not dependent on the value of the other. Therefore, since two distinct 
actions are occurring, each should be separately defined. It is noted that in 
the notations these values are quantitatively separated. 

Under notations it is suggested that the following notations be included 
in the list: 


*Engineer, A. Aas-Jakobsen, Consulting Engineers, Oslo, Norway. 
tChief Engineer, Prestressing, Inc., San Antonio, Texas. 
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1. A notation for the total moment at any given section, for example: 

M, = Total moment at any section = M, + M, + M, 
2. A notation for the increase in steel stress at any instant due to the bending action 
of the beam only, Aw». 

3. A notation for the percentage of stress remaining in the steel after the losses due 
to creep, plastic flow, and shrinkage have occurred, i.e.: 

X = Percentage of stress remaining in the steel 
Sei (A, t Ap T At) 
——2 "x 100 
Ses 

With the advent of the proposed definitions and notations a more uniform 

system of nomenclature should result. It is hoped that the committee con- 


tinues to be active in preparing material for the prestressed concrete field. 
By DONOVAN H. LEE* 


The writer agrees that while it is most desirable in a comparatively new 
technique like prestressed concrete that there should be reasonable uni- 
formity between American and British notations, the problem is more basic 
than that. There are differences in notation for reinforced concrete, United 
States practice being different from British, and British somewhat nearer to 
European practice in this respect. Considering this matter solely from the 
point of view of the American Concrete Institute it is natural that it would 
tend to continue to use notations, where applicable, as used with reinforced 
concrete in the United States. 


However, if it is appreciated that both with the ACI-ASCE proposed 


notations and that of the Institution of Structural Engineers in this country 


new notations are introduced which have never been needed before in rein- 
forced concrete, it will be apparent that greater uniformity could be achieved 
without much difficulty. Other notations have been proposed and used in 
this country. Those that were unduly elaborate have, however, been much 
criticized. 

The writer feels that it should be accepted that in the United States en- 
gineers habitually use V and v as well as n contrary to British and European 
practice because they are well established by common usage; but this does 
not explain or justify why in other respects both the Institution of Structural 
Engineers in this country and the ACI-ASCE notation have made apparently 
needless variation in new references. 

On the whole, the writer considers the proposed notation as given in the 
October, 1952, JouRNAL to be more extensive than is desirable. It could be 
argued that it does not make any difference whether the American notation 
for prestressed concrete does differ from, say, the current British notation; 
but of course it does make it most tedious to read technical articles where a 
notation is used with which one is not only unfamiliar but which is too elab- 
orate to be ever memorized. This is really the main reason against using 
extensive notations. 


*Consulting Engineer, London, England. 
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It might be worth considering delaying the finalizing of American notation 
pending opportunities for further experience to be gained and in the hope 
the two notations might become nearer alike before further publication of 
either of them is made in final form. 


By WILLIAM R. LORMAN* 


The committee deserves much credit for its efforts toward standardiza- 
tion of a difficult subject, and is to be complimented for having chosen the 
term “concrete creep” in preference to “plastic flow.” The latter term has 
been a source of considerable misconception relative to the action taking 
place within portland cement concrete when subjected to sustained load. 

In the committee’s definitions of terminology, however, no effort is made 
to distinguish between creep of concrete and creep of steel despite the differ- 
entiation made in the notations list which provides individually for steel 
stress losses due to concrete creep, due to shrinkage (presumably of concrete), 
and due to steel creep. As the committee has seen fit to define concrete 
shrinkage, it appears logical that concrete creep, concrete swelling, and per- 
haps concrete expansion and contraction be defined separately also; this 
especially in view of the relationship between concrete creep and shrinkage 
(or swelling) on the basis of the gel theory. The creep definition, as it appears 
in the committee’s proposal, when construed with regard to portland cement 
concrete implies that concrete creep is a function of stress alone; this is a mis- 
leading implication and is contrary to the findings established during the 
past quarter century. Concrete creep was defined as late as 19407 as the 
inelastic deformation, which continues to increase with time at a decreasing 
rate in concrete subjected to sustained load; the time-deformation being a 
function of not only the load but of a variety of physical factors, the most 
notable of which are fineness modulus of aggregate and water-cement ratio of 
the mix. 

The phenomenon of creep in reinforcing steel under sustained stress, and 
at ordinary temperatures, is the result of progressive permanent structural 
change caused by a combination of plastic slippage, crystalline fragmen- 
tation and reorientation, and strain hardening. The phenomenon of creep 
of portland cement concrete under sustained stress is the result of seepage, 
which is actual movement of adsorbed water from the cement gel network 
interconnecting the noncohesive mass of aggregate particles. Although steel 
creep at ordinary ambient temperatures is an insignificant factor at low 
stress values, the introduction of tensile stress exceeding the elastic limit 
accounts for the rather rapid increase in creep as the ultimate strength is 
approached; upon unloading there is no creep recovery. In the case of con- 


crete, creep occurs during the presence of any sustained stress but is partially 


recoverable upon removal of sustained stress. Concrete creep recovery char- 
acteristics are determined by internal friction of the aggregate particles and 


*Materials Engineer, U. S. Naval Civil Engineering Research and Evaluation Laboratory, Port Hueneme, Calif 
tProceedings, ASTM, V. 40, p. 1082 
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which, in turn, is a function of the moisture gradient and of the cement gel 
network within the mass. It is evident, therefore, that the water-cement 
ratio of the mix influences to a remarkable degree the deformational nature 
of the cement paste and the consequent deformational behavior of the con- 
crete; laboratory experimentation has shown this to be true and verification 
of the concept has been indicated in the analyses of data found in the litera- 
ture. 

In view of the preceding, and considering that it is treated as a separate 
entity in the committee’s proposed notation A, for steel stress loss due to 
creep of steel, steel creep desirably should be defined alone and apart from 


‘ 


that of concrete. It is recommended that the general term ‘creep’? be de- 
leted from the proposed list of definitions of terms and be replaced by defini- 
tions of steel creep and concrete creep. Although the writer does not feel 
qualified to propose a definition of steel creep, the following definition of 
concrete creep is offered for insertion in the committee’s list of definitions. 
Concrete creep is the inelastic deformation, asymptotically approaching an ultimate 
value, of portland cement concrete subjected to sustained compressive or tensile load 
that induces seepage of adsorbed water from the cement gel and in which time-deformation 

is a function principally of the sustained load and of the mix proportions and aggregate 

gradation of the concrete. 

In its definition of creep, the committee saw fit to employ the term ‘‘de- 
formation” but related that term to “stress.’’ It will be noted that in the 
definition offered here the term “deformation” is also used but in relation to 
“load’’; it is established terminology in the field of engineering materials 
to use “strain” in conjunction with “ 
to “load.”’ 


The definition of concrete shrinkage proposed by the committee is not 


’ 


stress” and “deformation” with regard 


unsatisfactory; its brevity and pointedness are desirable features. But when 
one considers the possible standardizing effects of the entire proposal and 
the probable precedence established thereby in the general field of concrete 


echnology, the definition as found in the committee’s proposal perhaps is 
technology, the definiti f l th tt 


not quite distinctive or unique. Moreover, it would be desirable to provide 
for swelling, the counterpart of shrinkage. Accordingly, with the view of 
augmenting the committee’s proposed definitions and to preclude the later 
development of any inconsistencies in terminology, it is recommended that 
concrete swelling be included in the list and that a differentiation be made, 
by definition, between swelling and expansion and between shrinkage and 
contraction. Therefore, the following definitions also are submitted. 

Concrete shrinkage is the decrease in volume of portland cement concrete caused by 
loss of adsorbed water from the cement gel as the result of evaporation at the concrete 
surface and in which volume change may nonuniformly approach an ultimate value 
regardless of whether or not the concrete is loaded externally. 

Concrete swelling is the increase in volume of portland cement concrete caused by 
gain in adsorbed water by the cement gel as the result of increased ambient moisture 
at the concrete surface and in which volume change may nonuniformly approach an 
ultimate value regardless of whether or not the concrete is loaded externally. 
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The range of values for the linear coefficient of thermal expansion (or 
contraction) of concrete is not restricted to necessarily narrow limits as is the 
case with reinforcing steel or steel prestressing elements. Values of a for 
concrete usually range from 3.6 X 10-° to 6.8 & 10-* per deg F but may be 
as low as 3.4 X 10-* and as high as 7.8 & 10-* per deg F, whereas those for 
high carbon silicon-manganese steels (such as used for prestressing purposes) 
generally vary from 6.5 X 10-* to 7.5 x 10-° per deg F. It has been the 
practice in design of reinforced concrete structures to either neglect thermal 
stresses and shrinkage or, in those cases where temperature change is con- 
sidered an influential factor in stress determination, to assume uniform tem- 
perature distribution throughout the structural member. However, a con- 
crete with an unusually high or low @ value would be incongruous in the light 
of current prestressed concrete design provisions. In view of the above 
and considering the distinctive physical features of prestressed concrete, 
the apparent objectives of the committee’s proposed list, and the probable 
extensive use of the list, it is believed appropriate to define concrete volume 
change due purely to thermal causes in contradistinction to concrete swelling 
(or shrinkage). The following, therefore, is the remaining definition submitted 
for possible insertion in the committee’s proposed list. 

Concrete expansion (or contraction) is the algebraic sum of volume changes occurring 
in portland cement concrete as the result of thermal variations occasioned by heat. of 


hydration of the cement and by ambient temperature change, and in which net volume 
change is a function of the components comprising the concrete. 


Incorporation of the separate definitions offered above would, of course, 
necessitate adoption of suitable symbols for steel stress changes due to concrete 
swelling and to concrete expansion (or contraction). 


In this connection, it is believed that A, in the committee’s list had been 
intended to signify “steel stress loss due to concrete shrinkage.”’ The follow- 
ing symbol-definition arrangements possibly may be more helpful as the sub- 
scripts are related to the subject of the definition. 

Ace = steel stress change due to elastic strain of concrete 

Ace = steel stress change due to creep of concrete 

Ace = steel stress change due to swelling (or shrinkage) of concrete 

Av = steel stress change due to creep of steel 

Act = steel stress change due to net difference in thermal expansions (or contractions) 

of concrete and steel 
The term “change” is used in preference to “loss’”” because the latter is 
not always apropos, for example, if the concrete swells the resulting steel 
stress change is a gain rather than a loss. 


It is hoped that the definitions finally adopted by Committee 323 will 
be accepted by all whose interest lies in the general field of portland cement 
concrete; if the definitions adopted only serve to establish the framework 
so necessary for a common understanding of terminology, much will have 
been accomplished toward eventually attaining international standardiza- 
tion in this field. 
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By A. M. LOUNT, JR.* 


The symbols for stresses appear to the writer to be unwieldy. Consider 
the symbol for stress at bottom fiber due to prestressing at release and dead 
load. This stress is the most common consideration in determining the re- 
quired section modulus and will probably be universally regarded as the 
critical stress limiting release of forms. As such, its use will extend beyond 
the calculation pad into the field. The committee’s proposal is—fp,p—a 
conglomerate of upper and lower case letters spread over three or four lines; 
or if it is written as actually printed we have to use two letter sizes. A speaker 
giving a paper would have difficulty with it. Consider the typists. It is 
impossible to change letter sizes and so the alternative is to use three levels of 
typing. The first letter is fine. Then you have to raise the carriage. The f 
is well covered in most machines and so you have to guess where the b should 
go. You can lower the carriage (and change to upper case) and place the F 
with some degree of accuracy. Then, ever try to change from upper case 
to lower while holding the typewriter in an “off-line” position? Then to 
change back again? 

Let us now analyze this in detail. The fis good. It shows we are discussing 
stress. The b is good, it shows where we are considering it. But why not 
drop the carriage instead of raising it. We then have—/,. 

Instead of using F.D why not simply refer to the condition of loading? 
After all, when does F,D occur? It occurs at release. So we have—fn. 

We place the r after f since it appears more logical to qualify what kind 
of stress we are talking about before indicating its location. But that is a 
matter of taste. Similarly—f;,p would be written f,:. 

As for the losses what happens? The only difference between f,» (F'%,p) and 
what is now proposed as F%p is the loss. The apostrophe is a particularly 
useful tool in this case, and we may write the term—/’,, (similarly f’,:). 

If we are interested in some intermediate stage such as the stresses existing 
after losses due to anchorage slip only, we may write these—f",, and f",:. 


All of these proposed revisions are capable of being typed easily. They 
are easier to write and much more concise. 


The first stage of loading referred to would be called “release”? and be 
designated by the subscript r. The second stage of loading is the working 
loading and would be designated by w. The third stage of loading is the 
ultimate and would be designated by u. In every case the losses are desig- 
nated by apostrophes or inverted comas. This would give—fpp, frp = f'n, 
J’r: and fer, Srr = f' uv, St. 

We can indicate the conditions where only the girder weight itself acts as 
fora = f'n and frg = f'rge. Though it would seem desirable to use f’», and f’ + 
unless there is danger of misunderstanding. 

It is regrettable that some old friends have disappeared; P has become F 
and S has become Z. As for the prestress why not use P? It is an externally 


*Partner, T. O. Lazarides, Lount, and Partners, Structural Consultants, Toronto, Ont., Canada 
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TABLE A—PROPOSED REVISION OF NOTATIONS 


Committee Revision Committee Revision 


A, Aw fron, S*rop Seo, Sve 
A,! Au Srp, frp S's I'v 
thd Ty fp. 7 Sur, St 


Serr, fte7 


After losses, 
steel stress at 
working load 

fe 

Sri, Sri fp Sp After losses, 
steel stress at 
cracking load 

for, fe Sis T a 

fra, S'a Sov, gt Y; 

fos, I's ‘2. Y, 

f’o, f'p far, Sat h—d Cc 

P21, Ft Sis, fit 

(or Smo; Smt) 
Sroa, Sr 0a Sab» Frat 
S’ra ’ S're Sea ’ S' vot 


BorB 


applied concentrated load, and has been generally accepted as the prestress 
force in North America. We have also become used to S not Z. It is prob- 
ably a matter of taste but the writer prefers P/A + M/S to F/A + M/Z. 
Also p is a useful subscript; f,, seems preferable to f’p; and f’,, seems preferable 
to fer. 

All the subscripts are lower case letters. Using the same general approach, 
M, becomes ,, f.’ becomes f’.. and f’.; becomes f... In this case the apos- 
trophe indicates the gain in strength, but still gives the idea of the passage 
of time. The addition of the subscript a could indicate the allowable stresses. 
This takes care of different stress limitations for bottom and top fibres, 7.e.: 
fea = allowable upper limit for fi; flowed = allowable upper limit for f’.:; 
frta = allowable lower limit for f,:; and f’x.. = allowable lower limit for f’,,». 

The use of upper case letters for unit stress is debatable. The letter q is 
often used for stress and as distinct from f indicating flexural stresses it could 
be used for shear and diagonal tension stresses. We would then have: q, 
= shearing stress; g. and gq, = diagonal compression and tension; and q, 
and q, = horizontal and vertical components of diagonal stresses. 
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In this way S could be available as a symbol for “section modulus.” 

Other symbols which could be reviewed are A,? and A,' (Aw, Ay). Other 
useful properties not considered are: symmetry Y./Y, which could be 
expressed as 8 or B. Cover to steel = h—d in committee’s symbols. This 
is a limiting factor in many cases and a suggested symbol is C. 

Table A summarizes the committee’s nomenclature and the proposed 
revision. 

By IVAN M. VIEST* 


The committee is to be commended for providing the profession with six 
clear-cut definitions of key-terms sufficient for the description of almost 
any type of linear prestressed concrete member, and for the definitions of three 
additional terms used commonly in connection with prestressed concrete but 
often given different meanings by various authors. The writer would like 
to call the attention of the committee to two additional terms which describe 
the behavior of prestressed concrete linear structural members subject to 
flexural loads: “under-reinforced” and “over-reinforced”’ members. 

U'nder-reinforced members are those which fail initially by excessive elongation of steel 
followed by crushing of concrete. 

Over-reinforced members are those which fail initially by crushing of concrete without 
substantial elongation of steel. 

The failure of an under-reinforced prestressed concrete member is slow. 
Large deformations before the final crushing of concrete give ample warning 
of the approaching failure. The failure of an over-reinforced prestressed 
concrete member is sudden, the deflections at crushing of the concrete being 
small in comparison to those of an under-reinforced member. All ordinary 
reinforced concrete beams designed in accordance with the ACI Code are 
under-reinforced; it seems probable that the writers of that code attached a 
significant importance to the behavior of reinforced concrete beams at failure. 
The importance of the manner of failure is emphasized more openly by the 
writers of directives for prestressed concrete. It is stated in the British 
First Report on Prestressed Concretet that “Failure by (crushing of concrete 
without substantial elongation of steel) is . . . sudden and should generally 


be avoided.” The German specifications for prestressed concretet require 


that the factor of safety against failure of over-reinforced members be 1.5 
times the factor of safety for under-reinforced members. 

The writer believes that defining of terms by a body such as the Joint 
ACI-ASCE Committee 323 has two purposes: (1) to achieve uniformity in 
the terminology, and (2) to make the profession aware of the significant 
properties described by the terms. To be most effective, such a list of terms 
has to be short. However, the writer believes also that the behavior of pre- 
stressed concrete members at failure is of enough importance to warrant 
the addition of a few terms. 
~ *Research Assistant Professor of Theoretical and Applied Mechanics, University of Hlinois, Urbana, Il 
, r ——— on Prestressed Concrete,”’ The Institution of Structural Engineers, London 1951 


t'Vorgespannte Stahlbetonbauteile, Richtlinien fir die Bemessung,”’ Beton- und Stahlhetonbau 


No. 4, Apr. 1950, Sections 12.12 and 12.32, p. 86. 
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Closure by A. E. CUMMINGS and C. P. SIFSS* 


The discussions have raised four major points. Three of these are con- 
cerned primarily with the notations and the other refers to the definitions. 

Messrs. Lee and Knudsen have pointed out that the notations do not 
agree with British notations. This is true. On the other hand, this lack of 
agreement did not seem to cause any concern among the other discussors. 
It would seem, therefore, that the present list of notations can be considered 
satisfactory for its intended use as an interim guide by American engineers. 

Mr. Lee expresses the opinion that the list of notations is entirely too ex- 
tensive. However, the comments of the other discussors generally express 
the opposite view. Mr. Viest implies that the list is long, but not too long, 
considering the complexity of the problem. Mr. Koebel mentions the obvious 
attempt by the committee to reduce the list to a minimum, but he then goes 
on to suggest possible additions. Mr. Geer and Mr. Lount both suggest 
additions to the list of notations. Mr. Knudsen also makes suggestions for 
additions. Apparently, it is the concensus of the majority of the discussors 
that more terms should be added to the list of notations rather than that an 
attempt should be made to reduce the number. 

Mr. Lount believes that the symbols are too complex. However, any 
attempt to define and devise a symbol for every possible quantity must in- 


evitably lead to a complicated notation. Nevertheless, the suggestions pro- 


posed by Mr. Lount for simplifying the symbols will be useful to the com- 
mittee when the time comes to revise the list. 

The principal question raised in connection with the list of definitions con- 
cerned the term “creep.”’” Mr. Lorman complimented the committee for its 
use of the term “creep” instead of “plastic flow.’”’ Mr. Koebel expressed 
exactly the opposite opinion. Mr. Lorman’s extended discussion of the 
mechanism of creep and the differences between creep in steel and in con- 
crete is of interest although the writers do not necessarily agree with every- 
thing Mr. Lorman has said. 

On behalf of the committee, the writers wish to thank the discussors for 
the time and effort they have spent preparing their discussions. Their com- 
ments and suggestions for changes or additions will be of great assistance to 
the committee when the time comes to revise the material. 


*Chairman of ACI-ASCE Committee 323 and chairman, Subcommittee III, Committee 323, respectively. 
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Effect of Compressive Reinforcement on the Plastic 
Flow of Reinforced Concrete Beams* 


By G. W. WASHA and P. G. FLUCKT 


SYNOPSIS 


Presents test results obtained during 2!4 years of sustained loading of 34 
reinforced concrete beams. Thirty of the beams were made with sand-gravel 
concrete containing Type L portland cement. Three conditions of reinforce- 
ment were investigated in each of five different beam sizes. One-third of the 
beams had only tensile steel, one-third had tensile steel plus an equal amount 
of compressive steel, and one-third had tensile steel plus one-half as much 
compressive steel. Strain measurements at the levels of the compressive and 
tensile reinforcement and deflection measurements provide a clear picture of the 
beneficial effect of compressive reinforcement in reducing excessive plastic flow. 

Four additional beams were made with only tensile steel. Two of the beams 
were made with sand-gravel concrete containing Type IA cement and two with 
a lightweight expanded slag aggregate concrete containing Type I cement. 
These four beams were included in the test program to provide preliminary 
informaticn regarding the influence of entrained air and one type of light- 
weight aggregate on the plastic flow of reinforced concrete beams. 


INTRODUCTION 


A test program started at the University of Wisconsin in 1941 by Washat 
on 3 x 12-in. concrete slabs reinforced with only tensile steel showed that large 
plastic flow deflection and strain were obtained when the slabs were subjected 
to sustained safe working loads. Possible methods of reducing this excessive 
deflection and strain were considered. It appeared logical that compressive 
steel would be helpful, and a search of the literature revealed that a few ex- 
ploratory tests by Faber§ in 1927 and by Gilkey and Ernst** in 1935 indicated 
that inclusion of compressive steel equal in amount to the tensile steel produced 
a definite reduction in plastic flow deflection and concrete compressive strain. 
The present program was undertaken to determine the effectiveness of com- 
pressive reinforcement in reducing plastic flow of reinforced concrete beams of 
yAariOus sizes. 

*Received by the Institute Jan. 18, 1952. Title No. 49-8 is a part of copyrighted JoukRNAL or Tak AMERICAN 
Concrete Institute, V. 24, No. 2, Oct. 1952, Proceedings V. 49. Sparate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Feb. 1, 1953. Address 18263 W. McNichols 
Rd., Detroit 19, Mich 

tMembers American Concrete Institute, Professor and Assistant Professor of Mechanics, University of Wis- 
consin, Madison, respectively 

tTWasha, G. W Plastic Flow of Thin Reinforced Concrete Slabs,’ ACI Journat, Nov. 1947, Proc. V. 44, p. 237 

§Faber, ©., ‘Plastic Yield, Shrinkage, and Other Problems of Concrete and Their Effect on Design,’’ Abstract 
in Engineering, V. 124, 1927, p. 661 

**Gilkey, H. J. and Ernst, G. C., “‘Report of Project Committee on the Use of High Elastic Limit Steel as Re 


inforcement for Concrete, Sustained Loading Tests on Slender Concrete Beams Reinforced with High Elastic 
Limit Steel,’ Proceedings, Highway Research Board, 1935, p. 81 
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Fig. 1—Test beam cross sections 


Fig. 1 and Table 1 indicate the four sizes of beam cross section and the three 
conditions of reinforcement used. Cross section types C, D, and E were chosen 
to represent portions of thin floor slabs, and types A and B were chosen as 
typical small beams. The beam dimensions were chosen to provide a consider- 
able range in the ratio of span length to total depth (L/D). 

The beams with only tensile steel (No. 3 and 6 of each type) were designed as 
balanced sections in accordance with the 1947 ACI Building Code. No stirrups, 
bent or hooked bars were necessary. These beams were uniformly loaded by 
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TABLE 1—BEAM DETAILS 


| Area of reinf. steel, | 
| Total sq in | Uniform 
Beam No Width, | depth, Span, 4 load, t 
in in ft Ten Comp. Ib per lin ft 


(Full comp. steel) 8 1: 20 1.3: 1.32 378 
(Half comp. steel) s 1: 20 1,32 0.62 378 
(No comp. steel) s 1: 20 1.3: 0 } 378 
(Full comp. steel) 
(Half comp. steel) 
(No comp. steel) 


20 d 0.62 0.62 107 
20 | 0.62 0.31 
20 0.62 


~_>s 


(Full comp. steel) 
(Half comp. steel) 
(No comp. steel) 


20.8 f | 0.80 
20.8 | 0.80 
20.8 0.80 


tot to 


(Full comp. steel) 

, D& (Half comp. steel) 
3, D6 (No comp. steel) 
, D8t (No comp. steel) 
D10§ (No comp. steel) 


0.80 
0.80 
0.80 
0.80 
0.80 


ttt et tet et 
bo to tv be ft 
NNNNhYS 


E4 (Full comp. steel) 
E5 (Half comp. steel) 
E6 (No comp. steel) 


0.44 
0.44 
044 


— mt 
to ty bo 
saninstd 


*Span length divided by total depth 

tUniform load includes weight of beam plus superimposed load 
tAir-entraining concrete 

§Expanded slag concrete 


their own weight and concrete loading blocks so that the midlength bending 
moment was as nearly as possible equal to the design resisting moments of the 
concrete and of the steel. 

The beams containing compressive steel had the same amount of tensile 
steel and carried the same loads as those reinforced only on the tension side. 
The compressive steel was arbitrarily chosen to be equal to the amount of the 
tensile steel or equal to half the amount of the tensile steel. The compressive 
steel was added to determine its influence on plastic flow, not because of 
strength requirements. 

The ACI Building Code fire cover requirements were observed with regard 
to both tensile and compressive steel except in the case of the 3-in. deep type E 
beams in which fire cover was reduced to 4% in. 

In this program, the separation of the long term deflection and strain due to 
sustained loading from that due to concrete shrinkage or other causes was 
attempted for only a portion of the beams. Some data are presented regarding 
the separation of deformations due to sustained loading and those due to other 
causes, but in general, results are reported in terms of gross plastic flow.* The 
function of the compressive steel in causing a reduction of the long term 
excessive deflection is considered desirable whatever the cause of the deflection. 


MATERIALS 
Aggregate 
All beams except D9 and D10 were made with concrete containing Madison 
washed sand and gravel. The aggregate was hard, well rounded, and well 


*The term “immediate elastic’ refers to behavior during positioning and loading. The term “gross plastic flow” 
is chosen to identify all deflection and strain occurring subsequent to the im nediate elastic behavior. It is recog- 
nized that the term ‘‘plastic flow’’ has been used previously with various meanings, usually more limited than the 
present definition of ‘‘gross plastic flow.”’ It is further recognized that some of the changes involved may be more 
or less “‘elastic’’ or recoverable. 
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Fig 2—Two views of reinforcing steel used 


TABLE 2—PROPERTIES OF REINFORCING 
Sek =e 


} 


a | Ultimate tensile | Elongation 
Yield point, strength, } in &Sin., 
psi psi | percent 


50,900 | 81,200 | 18.0 
47,000 77,000 22.0 
51,000 79,500 19.5 
56,200 19.0 


graded. The sand had a fineness modulus of 2.5; the gravel had a maximum 
size of *4 in. and a fineness modulus of 7.2. Beams D9 and D10 were made with 
an expanded blast furnace slag which had dry-rodded specifie weights of 70 Ib 
per cu ft for the coarse aggregate and 40 lb per cu ft for the fine aggregate. 
Cement 

The cement used in all beams except D7 and D8 was from one shipment of a 
single brand of Type I portland cement. Beams D7 and D8 were made with 
concrete containing Type IA portland cement. 

Steel 

The properties of the intermediate grade reinforcing steel used in this pro- 
gram are given in Table 2, and the reinforcing is shown in Fig. 2. 

Concrete 

All concrete made with Madison sand and gravel and Type I portland cement 
was designed for a 3500 psi compressive strength and a 6-in. slump. It was 
mixed in transit mixers in 2-yd batches. 

The air-entraining concrete for beams D7 and D8 was designed to have the 
same cement content (5 sacks per cu yd) and slump as the concrete for the 
major portion of the program. The air-entraining concrete was mixed in a 
transit mixer in a l-yd batch. The 6% percent air content of the fresh concrete 
was determined with a pressure type air meter. Beams made with this concrete 
are called “air-entraining beams.” 

The expanded slag aggregate concrete was hand mixed. It was intended that 
the concrete have a strength of about 3500 psi, but cylinder tests showed it to 
be considerably stronger. Beams made with this concrete are called ‘expanded 
slag beams.”’ 


MAKING, CURING, AND TESTING 
Beams 


Three beams of a given size (one with tensile steel only, one with full com- 
pressive steel, and one with half compressive steel) were cast about 3 in. above 
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their final positions from one truck load of concrete. The wood forms were 
supported on stringers or on closely spaced piers. The concrete was placed by a 
combination of spading, rodding, and vibration in approximately one hour. 

Brass plugs were cast into the top of each beam along the longitudinal 
center line, one over each support and one at midlength. The deflection of the 
midlength of each beam relative to its ends was obtained from three level 
readings. 

Additional plugs were cast in both sides of each beam to provide strain read- 
ings on a 20-in. gage length at midlength. All beams were provided with plugs 
at the level of the tensile steel and at the level of the compressive steel. Strains 
were measured with a Berry strain gage. 

The beams were kept covered with wet canvas or burlap for five days after 
molding. On the fifth day the side forms were removed so that the concrete was 
exposed to the air on all surfaces except the bottom. Two weeks after molding, 
the bottom forms were removed and the beams were lowered onto end supports 
by means of hydraulic jacks. Kach end support consisted of a wood crushing 
strip and a section of *4-in. steel pipe resting on a notched steel plate which in 
turn rested on a concrete pier. The beams were uniformly loaded by their own 
weight and by additional concrete blocks and brick. Care was taken to avoid 
twisting of the beams as they were lowered onto their supports. Care was also 
taken to avoid load-arching effects. 


Deflection and strain readings were first taken while the beams were sup- 
ported along their entire length, and then as soon as possible after they had 
been placed on supports and loaded. Additional readings were taken at increas- 
ing intervals during the 2!4-year period of sfistained load. 


During the 2'4-year loading period the temperature in the storage room 
varied from about 70 to.85 F., and the relative humidity varied from about 20 
to 80 percent. This curing is considered to be roughly comparable to that in a 
building concreted during the summer and heated during the subsequent cold 
weather. 


Control specimens 

Five warp specimens (F1, F2, F3, F4, F5) were cast as controls for the C and 
D type beams and three (G1, G2, G3) for the E type beams. No warp specimens 
were made as controls for the A and B type beams. The warp specimens had 
the same cross section and reinforcement as the beams they represented but 
were only 6 ft long. They were supported on their side edges (12-in. dimension 
vertical) and not loaded. Under these conditions the warp specimens gradually 
bent into a curved form. Each time readings were taken, the warp specimens 
were rotated 180° and left to rest on the side which had previously been the 
upper side. 

Each warp specimen was fitted with three brass plugs set along the longi- 
tudinal center line of the top surface, one at midlength and the other two a 
foot from each end. The warp was measured by a dial fitted to a steel bar so 
arranged that when the ends of the bar contacted the end plugs the dial plunger 
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contacted the center plug. The deflection of the supported beam due to condi- 
tions other than loading was calculated from the warp specimen readings on 
the assumption that the warp of the long beam and that of the short warp 
specimen would cause the two to assume the form of circular ares of equal 
radius. 

Plugs were provided in both sides of each warp specimen at midlength. The 
plugs were at both the upper and lower steel levels to allow readings with a 
10-in. Berry strain gage. The strain readings (expressed in percent) obtained 
for the warp specimens were applied directly as corrections to the strain read- 
ings of the loaded beams. 

Two cylinders from each batch of concrete were tested at 14 days, two at 
28 days, and three at 24% years. The compressive strength and modulus of 
elasticity were determined at each test age. 

Prisms for sustained compressive loading and their companion control 
prisms were cast from four batches of concrete. They were 4 x 4 in. in cross 
section and 12 in. long, and were provided with plugs on two opposite faces to 
allow strain readings on an 8-in. gage length. Each compression prism was 
maintained under constant load by means of railroad car springs held in com- 
pression against the specimen by a frame of bearing plates and tie rods. The 
test stress maintained in the plastic flow prisms was 1575 psi, the same as the 
design stress in the top fiber of the loaded beams. After 24% years, the com- 
pression prisms were removed from the frames and, along with the control 
prisms, were tested for modulus of elasticity and ultimate strength. 


TEST RESULTS 
Compression tests of control cylinders and prisms 

The results of the compression tests of control cylinders and prisms are 
listed in Table 3. Although the mix proportions were the same for all batches 
of sand-gravel concrete with Type I cement, one batch was 14 percent under 
the design strength of 3500 psi and another batch was 21 percent over the 
design strength. Some variation in the properties of a single batch of concrete 
resulted from the fact that about an hour was required to place each batch. 

The 28-day strength of the air-entraining concrete used in beams D7 and 
D8 was about 20 percent less than the strength of the concrete used to make the 
comparable beams D3 and D6 in spite of the fact that the cement contents 
and slumps were nearly equal. However, as noted previously, the air content 
of the air-entraining concrete (6.5 percent) was high. The strength of the ex- 
panded slag concrete used in beams D9 and D10 was about 25 percent greater 
than the sand-gravel concrete (cement cuntent was also much greater) so that 
direct comparison of the three pairs of beams is not completely valid. 

In almost all cases the modulus of elasticity, ZH, of the concrete determined 
by the secant method at 0.45 f.’ was considerably less at 28 days than the 
1000 f.’ assumed in accordance with the ACI Building Code. 

Between 28 days and 2) years, most of the concrete showed a slight de- 
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_ TABLE 3— —PROPERTIES | OF CONCRETE PRISMS AND CYLINDERS* 


"6x 12-in cylinders 4x 4x 12-in |. prisms 

7 Ultimate com- Modulus of 
Ultimate compressive Modulus of elasticity, pressive strength elasticityt at 

Beams represented strength, psi 1000 psi at 244 yr, psi | 2% yr, 1000 psi 


|——— 
Control 


spec. 


| | | | Plastic | Control | Plastic 
14-day | 28-day | 2\4-yr | 14-day | 28-day | 2\-yr | flow | spec. flow 
} | | spec | spec, 


3490 3900 3730 | 2970 3460 3360 | 
2720 | 3000 3190 | 2610 | 3000 3410 | | 
| 
| 
| 


3310 3840 | 3730 2830 3270 3510 

2670 3480 | 3360 | 2530 2770 | 3400 

3760 4250 3670 2940 | 3140 | 3330 4280 3680 

3160 3580 | 3580 | 2740 2890 3340 | 3910 3630 4450 3600 
8 (air-entraining) 2500 | 3100 | 3010 2280 2620 2930 2970 2790 


3600 2870 
D9, 10 (expanded slag) | 3880 1760 | 4390 | 2600 | 2880 | 2380 | 3770 3670 | 2330 780 


l¢ 
| 
| 
1560 F 3480 


*Each result is the average of two tests except the 2'4-year cylinders (three tests) and the prism control speci- 
mens (one test) 
+Secant value at 0.45 ft’. 


crease in compressive strength and a moderate increase in modulus of elasticity, 
so that after 244 years, EF usually exceeded 1000 f,’ 

As also shown in Table 3, the prisms loaded for 2% years had slightly higher 
strengths than the companion unloaded prisms, and, except for the expanded 
slag concrete, the loaded prisms had considerably higher FE values than the 
companion unloaded prisms. 


Plastic ow of compression prisms 

The test results for the plastic flow prisms are shown in Fig. 3. The solid 
lines are gross plastic flow strain curves, and the broken lines are net plastic 
flow strain curves. The gross values are total strains exclusive of the immediate 
elastic strains accompanying loading. The net values, corrected for shrinkage 
and effects other than plastic flow, are obtained by subtracting the strain of 
companion nonloaded prisms from the gross values. The curves for the normal 
concrete are based on four loaded and two companion prisms. The curves for 
the air-entraining and expanded slag concretes are each based on two loaded 
and one companion prism. The curves show that the gross and net plastic flow 
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Fig. 3—Plastic flow curves for compression prisms 
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TABLE 4—DESIGN AND CALCULATED STRESSES IN BEAMS 


Design stresses Calculated stresses* 
Beam jan 
No Ie tf, fi te fi! 


19,600 5350 2¢ 17,100 9600 
A5 19,550 6210 18,900 9600 
A6b 19,500 565 20,400 . 


SNS | 
> 
— 


B4 19,500 2960 4: 15,600 6000 
B5 19,300 3320 16,200 6300 
B6 19,100 55: 15,600 


Dt aa] 
SN 


C4 19,450 4010 : 17,400 7800 
C5 19,300 4480 { 16,800 7800 
C6 19,100 552 17,400 
, D4 19,450 4010 é 17,400 7800 
D5 19,300 4480 f 16,500 9600 
D6 19,100 55: 15,000 
D& 19,100 55: 16,200 
, D110 19,100 55% 19,200 1920 
20,400 19,800 1860 
20,200 50! 19,500 1780 
20,000 57! 19,200 2170 


*Based on first strain readings after loading 


strain of the air-entraining concrete was slightly less, and that of the stronger 
expanded slag concrete was much less, than the strain of the normal concrete. 
Elastic stress in beams 

The design stress and the calculated stress values based on strain readings 
taken shortly after loading are listed in Table 4. The calculated stress in the 
tensile steel, f,, and in the compressive steel, f,’, is based on strain readings of 
plugs set in the concrete at the levels of the tensile and compressive steel.* The 
-alculated stress in the top fiber of the concrete, f., is based on strain readings 
obtained by straight line extrapolation from the compressive steel level read- 
ings. The modulus of elasticity of the concrete was based on the tests of com- 
panion cylinders, and 30,000,000 psi was used as the modulus of elasticity of 
the steel. 

All of the beams exhibited cracking shortly after loading. The calculated 
compressive stress in both steel and concrete was generally greater than the 
design value. Doubtless, a portion of the observed strain resulted from the 
gross plastic flow occurring during the positioning and loading of the beams, 
and thus is not elastic strain as assumed in the calculation. The period from 
the start of loading until the first reading for a given beam varied from about 
one to eight hours. An additional reason for the high stress in the compressive 
steel is that the modulus of elasticity of the concrete is lower than the design 
value so that a relatively greater portion of the compression is carried by the 
steel. 

Plastic flow deflection of beams 

Fig. 4 illustrates the variation of gross plastic flow deflection with duration 
of load. Each plotted value is the average for two beams. The immediate 
elastic deflection values and the 2!4-year gross plastic flow deflection values, as 
well as the ratio of the two, are listed in Table 5 for each pair of beams. 


*It is recognized that measurements of strain in the concrete at the steel level may not represent true steel 
strain because of possible bond slip between the steel and concrete 
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TABLE 5—BEAM DEFLECTION 


immediate 2-year 
elastic | grossplastic | Ratio, 
j deflection, | flow deflection, | B/A 
in. in. 
0.53* 0.40 0.76 
0.62* 0.65 1.05 
0.67* 1.09 1.63 


0.92 Of | 1.18 
0.98 - 1.61 
1.04 2 36 2.27 


0.99 
1.32 
1.95 


1.32 

1.38 

1.73 

, £4 2.34 2.54 1.09 
, BS 2.4 2. 1.31 
, £6 2.48 1.94 


*Because of an error in the initial readings of beams 
Al, A2, and A3 they are not included in the average 


The results presented in Fig. 4 and Table 5 indicate that the beams with 
full compressive steel averaged 46 percent and the beams with half compressive 
steel averaged 62 percent of the gross plastic flow deflection of the beams with 
no compressive steel. These ratios vary with the different types of beam, but 
the beneficial effect of compressive steel is clearly established for all. 


The gross plastic flow deflection ranged from a value about three-quarters 
of the immediate elastic deflection due to loading in the case of the type A 
beams with full compressive steel to a value about two and one-quarter times 
the immediate elastic deflection in the type B beams with no compressive 
steel. 

The curves of Fig. 4 show that the rate-of increase of gross plastic flow 
deflection had become very small for all the beams at the end of 214 years of 
loading. In general, the curves for the beams with compressive steel “‘leveled 
off” before the curves for the beams with only tensile steel. 

The curves of Fig. 5 show that the gross plastic flow deflection at 28 days 
and at 2!4 years is greater for the beams with high L/D ratio than for the beams 
with low L/D ratio. The design stress is very nearly the same for all beams 
with no compressive steel regardless of L/D ratio. Considerable variation in 
the’ compressive design stress* existed in the beams with compressive steel 
because of the arbitrary manner of selection of compressive steel area and 
positioning with regard to fire cover. 

Plastic flow strain in beams 

Fig. 6 and 7 show how the gross plastic flow strain values vary with the du- 
ration of load on the beams. The strain was measured on the sides of the beams 
at the levels of the tensile and compressive reinforcement. Each plotted value 
is the average of the readings on both sides of each of two similar beams. Table 


*See Table 4. 
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Fig. 5—Relation of gross plastic 
flow deflection to L/D 
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6 lists the immediate elastic strain values, the 24-year gross plastic flow strain 
values, and the ratio of the two for the tensile and compressive steel levels in 
each pair of beams. 

The compressive strain results presented in Fig. 6 and Table 6 show that 
the beams with full compressive steel averaged about 37 percent, and the beams 
with half compressive steel averaged about 58 percent, of the gross plastic flow 
strain of the beams with no compressive steel. 

The gross plastic flow compressive strain ranged from a value about one 
and one-third times the immediate elastic strain in the case of the type A beams 
with full compressive steel to a value about four and two-thirds times the im- 
mediate elastic strain in the case of the type F beams with no compressive steel. 

The curves of Fig. 6 show that the rate of increase of gross plastic flow strain 
had become very small for all the beams at the end of 2% years of loading. In 
general, the curves for the beams with compressive steel “leveled off’’ before 
the curves for the beams with no compressive steel. 

Table 7 lists the values of gross plastic flow compressive strain on the extreme 
top fiber of the beams with no compressive reinforcement after 24 years of 
loading. The approximate compressive strain for the extreme top fibers of the 
beams is obtained by straight line extrapolation from the steel level readings. 
Comparison of these figures with the value of about 0.33 percent (see Fig. 3) 
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TABLE 6—BEAM STRAIN 


Compressive steel level Tensile steel level 


B, | D, 
A, 2\4-year Cc, | 2\4-year 
Beam immediate gross immediate | gross 
No. elastic plastic elastic plastic | Ratio, 
strain, flow 1 strain, flow /C 
percent } strain, percent | strain, 
percent percent 


0.032* 0.043 3: —0.057* —0.016 
0.032 0.082 2.56 —0.063 —0.014 
0.038 0.132 3.4! —0.068 —0.017 


0.020 0.059 2.98 —0.052 —0.017 
0.021 0.087 4.14 —0.054 —0.009 
0.031 0.143 6 —0.052 —0.018 


a 0.026 0.054 2.03 —0.058 —0.021 
Cc! 0.026 0.084 3.2% —0.056 —0.013 

C6 0.032 0.143 ; —0.058 —0.012 

, D4 0.026 0.052 —0.058 —0.024 

, DS 0.032 0.081 2.5% —0.055 —0.018 

, D6 0.039 0.144 3.68 —0.050 —0.014 
rl, EA 0.029 0.067 2.: —0.066 | —0.020 
W2, E5 0.028 0.090 3. ~0.065 0.012 
13, E6 0.038 0.177 16 0.064 —0.009 


* + =compression, — = tension. 


for the compression prisms indicates that the strain in the prisms is much 
greater than in the top fibers of the beams listed although the design stress is 
the same. 

The tensile strain results presented in Fig. 7 and Table 6 are somewhat less 
consistent than the deflection and compressive strain results. The gross plastic 
flow tensile strain* is small compared with the gross plastic flow compressive 
strain, but it is significant because it probably represents an increase in stress 
in the tensile steel. This increase in tensile stress at the end of 24% years of 
loading ranged from 2700 psi in the type FE beams with only tensile steel and 
type B beams with half compressive steel to 7200 psi in the type D beams with 
full compressive steel. 

Types C, D, and E beams with full compressive reinforcement and types A 
and B beams with no compressive reinforcement suffered the largest gross 
plastic flow tensile unit strain. It seems likely that at least a part of the irregu- 
larity of tensile plastic flow strain may have been due to a somewhat erratic 
condition of concrete tension failure in the lower portion of the beams. 


*The term gross plastic flow tensile strain is used to identify all strain occurring subsequent to the immediate 
elastic strain accompanying loading. The increase in tensile strain in the steel is probably an elastic behavior that 
accompanies the compressive plastic flow in the concrete. 


TABLE 7—TWO AND ONE-HALF YEAR 

GROSS COMPRESSIVE PLASTIC FLOW 

STRAIN ON EXTREME TOP FIBERS OF 

BEAMS WITH NO COMPRESSIVE REIN- 
FORCEMENT 


Approximate 
Beam No strain, percent 


A3, A6 0.17 
B3, B6 0.21 
C3, C6 0.19 
D3, D6 0.20 
E3, E6 0.26 
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Warp specimen corrections 

The net or corrected plastic flow deflection and strain values for types C, D, 
and E beams are shown in Fig. 8, 9, and 10. The warp specimens were not 
loaded and so were not cracked, whereas the loaded beams wree cracked on the 
tension side. The corrections based on warp specimen readings are not com- 
pletely valid because of the difference in tensile crack condition, but it is be- 
lieved that the corrections provide at least a rough picture of the separation of 
deformations due to sustained loading and those due to shrinkage and other 
causes. 

The results plotted in the upper set of curves of Fig. 8, 9, and 10 show that 
a large part of the gross plastic flow deflection of the beams without compressive 
steel is due to causes other than sustained loading (principally shrinkage). A 
relatively small part of the gross plastic flow deflection of the beams with com- 
pressive steel is due to causes other than sustained loading. This means that 
the compressive steel is effective in reducing deflection due to shrinkage and 
related factors. 

The lower sets of curves of Fig. 8, 9, and 10 show that a large part of the 
gross plastic flow compressive strain of all beams is due to shrinkage and re- 
lated factors. The gross plastic flow tensile strain of the beams would have been 
several times as great if it had not been for the effects of shrinkage and related 
factors in counteracting the tensile strain due to sustained loading. 

Comparison of 1941 and 1948 test results 

Thirty-two beams without compressive reinforcement were tested during the 
period 1941 to 1946 to determine the effect of concrete slump, water-cement 
ratio, span length, and curing method on plastic flow*. The type A beams of 
the 1941 program were similar in design and loading to beams E3 and £6 of 
the present program, but in the 1941 program the edges and ends of the speci- 
mens were coated with a bakelite lacquer and paraffin to simulate curing in a 
large slab. The concrete for the 1941 beams was designed for 3750 psi at 28 
days while that for the 1948 beams was designed for 3500 psi. The 1941 con- 
crete had a strength of 4890 psi and a slump of 71% in., while the concrete for 
the present program had a strength of 3680 psi and a slump of 6 in. In the- 
1941 program the beams were loaded after 6 days’ curing, and in the present 
program, after 14 days’ curing. The curves of Fig. 11 show the close agreement 
between the results obtained in the two programs. 

Plastic flow deflection and strain of air-entraining and expanded slag beams 

The curves of Fig. 12 show that the gross plastic flow deflection and strain 
values for the expanded slag, air-entraining, and normal beams of similar cross 
section, span, and loading were very nearly equal. Because the expanded slag 
concrete was stronger and the air-entraining concrete weaker than the normal 
concrete, a direct comparison is not completely valid. 


CONCLUSIONS 
1. The inclusion of arbitrary amounts of compressive steel in simply supported rein- 


*Washa, G. W.., ‘Plastic Flow of Thin Reinforced Concrete Slabs,"’ ACI Journat, Nov. 1947, Proc. V. 44, p. 237 
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Fig. 11—Comparison of test results, 1941 and 1948 programs 


forced concrete beams is very effective in reducing gross plastic flow deflection. Speci- 
fically, the inclusion of compressive steel equal in amount to the tensile steel reduced 
the average gross plastic flow deflection by approximately one-half. Inclusion of half 
as much compressive steel caused a reduction of approximately one-third. 

2. After 2! years of sustained loading, the average gross plastic tlow deflection for 
the beams with no compressive steel was nearly double the immediate elastic deflection, 
while the average for the beams with full compressive steel was slightly greater than 
the immediate elastic deflection. 


3. The gross plastic flow deflection curves for the beams with compressive reinforce- 


Me 42 « 6 
PERIOD OF AYS 


Fig. 12—Gross plastic flow curves for expanded slag and air-entraining concrete beams 
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ment “leveled off’’ before the curves for the beams with no compressive steel. At the end 
of 14 year of sustained loading, the beams without compressive reinforcement had reached 
about 80 percent of their final deflection, while the beams with full compressive reinforce- 
ment had reached about 90 percent of their final deflection. 

4. The gross plastic flow strain at the level of the tensile steel, which varied between 
0.009 and 0.024 percent, was small when compared with the gross plastic flow com- 
pressive strain which varied between 0.043 and 0.177 percent. 

5. The inclusion of compressive steel equal in amount to the tensile steel reduced 
the average gross plastic flow compressive strain by approximately 60 percent. In- 
clusion of half as much compressive steel caused a reduction of approximately 40 percent. 

6. The use of compressive reinforcement was not effective in decreasing gross plastic 
flow tensile strain, causing increases in some cases and slight decreases in others. 

7. After 2!% years of sustained loading, the average gross plastic flow compressive 
strain for the beams with no compressive steel was about four and one-quarter times as 
large as the immediate elastic strain, while the average for the beams with full com- 
pressive steel was about two and one-third times as large as the immediate elastic strain. 

8. After 2! years of sustained loading, the gross plastic flow deflection for beams with 
an L/D ratio of 70 was from four to six times as great as the gross plastic flow deflection 
for beams with an L/D ratio of 20. 

9. The results obtained show that compressive reinforcement should be used where a 
combination of high L/D ratio and sustained load (causing steel and concrete stresses 
approaching the limiting design values of the ACI Code) is encountered. 


ACKNOWLEDGMENTS 


This research program was financed by a grant from the Committee on Rein- 


forced Concrete Research of the American Iron and Steel Institute to the 
University of Wisconsin Engineering Experiment Station and by additional 
research funds of the Mechanics Department of the University of Wisconsin. 
The authors appreciate the counsel and interest of C. A. Willson, representing 
the Committee on Reinforced Concrete Research, and Professor K. F. Wendt 
and Dean M. O. Withey, University of Wisconsin, during the planning and 
execution of the test program. 
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Discussion of a paper by G. W. Washa and P. G. Fluck: 


Effect of Compressive Reinforcement on the Plastic 
Flow of Reinforced Concrete Beams 


By BOYD G. ANDERSON, KIYOSHI OKADA, and AUTHORS 


By BOYD G. ANDERSONT 


The effect of creep and flow in concrete members is of increasing concern 
because of the greater use of slender arches, beams, and slabs. As a result 
the possibility of large deflections invariably determines the practical dimen- 
sions of such members. In the case of slender members under compression, 
the effect of deflections may add substantially to the moments to be resisted. 
Tests conducted by Professors Washa and Fluck to gain information on the 
magnitude and means of controlling such deflections provide useful data on 
this important but little known subjegt. With length to depth ratios of test 
members ranging from 20 to 70, the authors cover dimensions most likely 
to be met in practice. 

From the viewpoint of the designer, usefulness of the results of the tests 
would be increased by added tests not limited to flexure alone, to a single 
mix, to a single stress equal to full design load, to all members being loaded 
at the same age, to one type of reinforcing steel, to simply-supported members, 
to members with one rate of curing, and to members with equal support 
rigidity during loading. Variation of these factors might also be expected 
to have an effect on results. 

The inclusion of a test group having equal compression and tension steel 
areas Was a fortunate selection, as it provides a tool for comparing theoretical 
with observed results. With full compressive steel, theoretical deflection 
should not exceed the elastic deflection of a beam having steel flanges equal 
in area to the area of the reinforcing steel even if the entire concrete stress is 
transferred to the reinforcing steel. 

Comparing calculated versus measured deflection on this basis, computed 
deflections for such beams would be 1.01, 2.15, 3.22, 1.17, and 4.63 in. for 
beams A through FE. Observed deflections on these beams were 0.93, 2.01, 
3.15, 1.09, and 4.88 in., respectively, or 92, 94, 98, 93, and 105 percent of the 
calculated deflections for the equivalent steel beam. These percentages in- 
dicate almost a complete transfer of stress from the concrete to the com- 
pression «steel. However, the last test on the shallowest beam, presuming 


*ACI Journat, Oct. 1952, Proc. V. 49, p. 89. Disc. 49-8 is a part of copyrighted JouRNAL OF THE AMERICAN 
Concrete Inetrrrute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49. 
tAssociate Partner, Ammann and Whitney, New York, N. Y. 
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no error in setting of the steel, indicates that slip or shear flow (probably 
slip because of the lack of continued motion) may play a part in determining 
the total deflection of a member, and that transfer of stress may be somewhat 
lower than the calculated percentages. 


It is somewhat unfortunate that compressive steel strains were not measured 
during the test period. Strain readings would have helped determine the 
quantitative transfer and rate of transfer of concrete stress to the steel bars. 
It also might have provided some idea as to whether slip did occur between 
the steel and concrete. If an appreciable amount of slip did occur, it would 
undoubtedly be increased by use of other than the high-bond bars shown in 
Fig. 2 of the authors’ paper on page 92. 

As tests were limited to a continuous loading at full working stress, the 
deflections exaggerate the results that might be expected in ardinary practice, 
where usually only part of the design load acts for any length of time. How- 
ever, a straight-line interpolation of the authors’ results using a factor de- 
termined by the ratio between the expected long-time load and the design 
load would certainly provide a conservative estimate of the probable de- 
flections. Such a ratio would exaggerate the deflection of members without 
compression steel (because creep may vary with load as a power greater 
than one) while the deflection of bears with compression steel might vary 
directly with this ratio, as the concrete will still transfer load to the com- 
pression steel. 


The tests again demonstrate the fallacy of assuming that compression 


steel acts at low stress. Slow creep at low stress or greater flow at high stress 
will each cause a high stress in the steel if adequate bond and anchorage is 
provided for the bars. 

Deflections due to shrinkage would also be reduced by the use of com- 
pression steel. Without compression steel appreciable warping may occur 
in thin members, such as has been reported for precast sections with sub- 
stantial stem reinforcement and a lightly-reinforced flange. 

While the test beams using air-entraining cement and lightweight-slag 
aggregate were conducted on specimens not equal in strength to normal 
specimens, information from these tests is also useful and the variation in 
strengths for these cases should not have a greater effect than in normal 
beams. 

Recent Swedish information* on this subject has shown that the rigidity 
of formwork and formwork supports during the setting period (affecting the 
time of loading) has a marked effect on the total deflection. Consequently, 
the authors’ tests may be expected to represent a possible minimum deflec- 
tion for all other conditions as reported in the article. The Swedish bulletin 
also states that the plastic deflections of beams and slabs during construction 
may be three to six times as large as the computed elastic deflections for dead 
load. This would be even greater than the ratio of measured ‘ultimate’ to 


*Proceedings, No. 15, Swedish Cement and Concrete Institute. 
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measured “elastic’’ in the authors’ test results, particularly considering that 
dead load is only part of the design load and that construction represents 
only a small period. The Swedish paper also states that deformations in- 
crease in almost inverse proportion to the square of the thickness of the slab, 
and that fixing the ends of the beams will reduce the deflection to approxi- 
mately half that expected for a simple beam of the same size carrying the 
same load. Thus, both continuity and compression reinforcing can be used 
effectively to reduce the deflection of slender concrete members. 


By KIYOSHI OKADA* 


A papery recently published by this writer involving a theoretical analysis 
of the plastic flow of reinforced concrete beams may contribute something to 
the authors’ research in this field. The outline of the paper is, in short, as 
follows. 


PLASTIC-FLOW THEORY 


It is assumed in the plastic flow of concrete that (1) the net plastic-flow 
strain is directly proportional to the stress, and (2) the rate of unit plastic 
flow is not related to the time when the concrete is subjected to loading. 
The first assumption seems to be exactly right at the working stress, as shown 
by research; the second means an ideal curve for plastic flow of concrete. 

Neglecting changes in the modulus of elasticity of concrete with time, the 
net plastic-flow strain f(t) can be expressed as follows when concrete is sub- 
jected to a given sustained stress. 

f c (1) 
where 

te elastic strain 

y () plastic flow characteristics that are a function of the time after loading, i.e., the 

relationship between plastic and elastic strain 
Therefore the total net strain is given by 

s(t} =e +f) =efl+¥].... (2) 


When concrete is subjected to a sustained stress which varies with time Eq. 
(2) must be reduced to 


as dw (t) 
6 (t) €- (t) | €. (t) v dt (3) 
7 dt 


If y (0) is considered as an independent variable, Eq. (3) can be rewritten as 


“Ye 
6 (Wi) = ec (We) 4 ec (Wi) d (4) 


An approximate analysis of the plastic flow of reinforced concrete beams 
subjected to a given sustained bending moment is based on the following 
conditions: 


*Research Fellow, University of Illinois. (Formerly Assistant Professor, Kyoto University, Kyoto, Japan.) 
tJournal, Japan Society of Civil Engineers, V. 36, No. 5, 1951 
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Fig. A—Plastic flow characteristics, positions of neutral axis, total strain in top fibers of beam, 
concrete and steel stresses, and deflection of the simply reinforced beam neglecting tensile re- 
sistance of concrete 


(1) Beam cross sections remain plane after bending. 

(2) Stress distribution on the section is linear. 

(3) Reinforcing steel is not subject to creep. 

(4) Plastic flow of concrete satisfies the assumptions in Eq. (3) and Eq. (4) in the 
top fibers of the beams. 

An analysis is made of two cases, one does not take into account tensile 
resistance of concrete and the other to some degree does. Numerical examples 
are given illustrating this analysis on beams of 

b = 6in., d = 8in., d’ = 0.8in., n = E,/E. = 10, p = A,/bd = 0.01, and p’ = 

A,'/bd = 0.003 or 0. 

In considering to some degree the tensile resistance of concrete, it is common 
to assume that the distribution of tensile stress below the neutral axis of the 
section is also straight, and the modulus of elasticity in tension E,; is equal to 
nw E. = (04 to 1.0)E,. Utilizing this simplification, concrete or steel stresses 
can be calculated in the same manner as in the common n-method, which 
neglects the tensile strength of the concrete. In the examples yu is taken as 
0.4. 


EXAMPLES 


Deflection of beams is considered to be nearly proportional to the curva- 
ture 1/p of the section subject to bending and is taken as y = 1/p in the 
examples. 





PLASTIC FLOW OF REINFORCED CONCRETE BEAMS 
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Fig. B—Plastic flow characteristics, positions of neutral axis, total strain in top fibers of beam, 
concrete and steel stresses, and deflection of the doubly reinforced beam neglecting tensile re- 
sistance of concrete 


Fig. A shows as an example of the first case relations between the plastic- 
flow strain characteristics y,, changes in the position of the neutral axis z, 
total strain of concrete in the top fibers of the beam 6,, compressive stress of 
concrete f., tensile stress of steel f,, and the deflection y of the beam for p =0.01 
on the tension side and n = 10. 

Fig. B gives these values, including the change of the steel compressive 
stress f,’, for the same beam with the compressive reinforcement p’ = 0.003. 

Similar relations are shown in Fig. C and Fig. D for the same beams as 
shown in Fig. A and Fig. B, but as examples of the second case which con- 
siders the tensile strength of concrete. 

From these diagrams changes in stresses, strains, position of the neutral 
axis, and deflections can be found at a certain value of y. 

Table A gives these values at y¥; = 3. Initial stresses and positions of the 
neutral axis at y, = 0 are found in Table B. 


CONCLUSIONS 


Whether the tensile resistance of concrete is taken into consideration or 
not, use of compressive reinforcement is effective in decreasing plastic-flow 
compressive strain. Compressive stress of concrete, plastic deflection of the 
beam, range of neutral axis variations, and tensile stress of concrete cause 
far more compressive stress in the steel than is calculated by the n-method. 
Plastic-flow compressive strain in the top fibers of a beam is small when 


compared with plastic-flow compressive strain for compression test speci- 
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Fig. C—Plastic flow characteristics, positions of neutral axis, total strain in top fibers of beam, 
concrete and steel stresses, and deflection of the simply reinforced beam considering some tensile 
resistance of concrete 
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Fig. D—Plastic flow characteristics, positions of neutral axis, total strain in top fibers of beam, 
concrete and steel stresses, and deflection of the doubly reinforced beam considering some tensile 
resistance of concrete 
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Fig. E—Effect of shrinkage on the same doubly reinforced beam as shown in Fig. B 


mens, and the increase of tensile-steel stress is less in a beam containing 
compressive steel. 

Variations in the position of the neutral axis are being investigated on beams 
subjected to sustained bending moments. Wandering of the neutral axis 
accompanying plastic flow of concrete has been shown in this test. 

Effects of shrinkage and variations other than plastic flow were not con- 
sidered in the writer’s paper, but the effect of shrinkage can be computed 
easily if it is assumed that shrinkage develops as s k wi, where k is : 
experimental constant. Judging from the results of many tests this assump- 
tion is valid. In this analysis it is assumed that plastic-flow strain in the 
top fibers of the beam satisfies the condition that at any time after loading 


7 
5 (Wr) €- (Ws) +f €c (Wi) d fr + 8 (Ys) (5) 


TABLE A—STRESSES, STRAINS, DEFLECTIONS, AND POSITIONS OF 
NEUTRAL AXIS AT y¥. 3* 


Dp 0.01, p 0, and n 107 p 0.01, p 0.003. and n | actor for 
obtaining actual 
V alue 


yt 
rt 596 \22 555 582 d 


*To obtain actual values these values must be multiplied by the appropriate factor as given in the table 
tp 1./bd, p 1,’ /bd, and n E./E 
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TABLE B—STRESSES, AND POSITIONS OF NEUTRAL AXIS AT y: 


p = 0.01, p’ 
Property 
»=0 


See 6.35 
Seo’ 
Seo 113.5 
Seo’ 

Zo 0.358 


0, 


and n = 


= 


10+ | 


0.468 


Pp 


0.01, p 


u=0 
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0.003, and n 


uw = 04 


5 

2.i 
63.5 
41.: 


0.45: 


10t 


Part 


2 Dec. 1953 
= 0* 


Factor for 


obtaining actual 





value 
bd? 
bd? 
hd2 
bd2 


*To obtain actual values these values must be multiplied by the appropriate factor as given in the table. 
tp = A./bd, p’ = Ad’ /bd, andn = E,/Ec. 


Fig. E shows the effect of shrinkage on the stresses, strains, deflection, 
and so on for the same beam shown in Fig. B. In this example calculations 
were made under the assumed values of //bd? = 71 psi and k = 10x 10°. 


AUTHORS’ CLOSURE 


The authors appreciate the interest of Boyd G. Anderson and K. Okada. 
Mr. Anderson suggests that a larger number of variables would have been 
desirable, but it is impossible to cover all variables in a program involving 
large structural members. The general effects of some of the variables men- 
tioned have been reported by other investigators. Further, it is expected 
that tests now in progress at the University of Wisconsin will provide addi- 
tional answers. 

The authors agree with Mr. Anderson that it would be desirable to have 
direct readings on the compressive steel, but have not attempted to obtain 
such readings since practical methods for doing so involve removal of com- 
pressive concrete or damage to bond. Readings on brass plugs embedded in 
the concrete have provided strains at the compressive steel level. 

It should also be emphasized that for the one pair out of five, the shallow 
E beams, for which the ratio of observed to computed deflection was greater 
than 1.00, an error of only a few hundredths of an inch in the position of the 
steel could easily account for the difference. 
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Heavy Duty Concrete Floors*® 


By E. E. ECKERTT 


SYNOPSIS 
Brief but specifie directions for mixing, placing, finishing, and curing concrete 
for heavy duty concrete floors. Emphasis is on the careful control of mixing 
water and the selection, handling and use of a tough durable aggregate. Pre- 
cautions are given for avoiding subsequent failure. 


INTRODUCTION 


The first requisite to securing a good heavy duty concrete floor is the desire 
to secure such results. This desire must be possessed not only by the owner, 
but also by the engineer, superintendent, finisher, mixer operator, and every 
other individual concerned in the operation. Carelessness on the part of any of 
these persons may result in failure. The problem of building good heavy duty 
concrete floors is as old as concrete itself, and is a logical result of carelessness 
induced by the fact that concrete can be terribly abused and still give fair 
service. 

The most fundamental ingredient in a floor surface mixture is not the cement, 
or the sand, or the gravel, it is the water. No matter how good the other in- 
gredients are, too much mixing water will certainly result in a second rate floor 
surface and early failure. The reasons for this are twofold; first is the generally 
accepted fact that concrete strength and density are determined directly by 
the water-cement ratio, and second is the more insidious and generally less 
recognized fact that excess water in a floor finish mix floats the less dense parti- 
cles of aggregate to the surface—just where they are not wanted. The excess 
water also invites overmanipulation with float and trowel, and this draws more 
of the undesirable ingredients of the mixture to the surface. It is not intended 
to minimize the importance of tough well-graded aggregates, but to emphasize 
the importance of water in the right amount. 


AGGREGATE 


Indeed, extremes have been adopted in assuring a supply of tough well- 
graded aggregate. The author’s firm is now using a crushed granite aggregate 
in a range of sizes which gives a dry mix of maximum practical density for the 
material available. The mechanical screen analysis of this aggregate is given 
in Table 1. 


*Received by the Institute Feb. 13, 1952. Title No. 49-9 is a part of copyrighted Journat or Tae AMERICAN 
Concrete Institute, V. 24, No. 2, Oct. 1952, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Feb. 1, 1953. Address 18263 W. McNichols 
Rd., Detroit 19, Mich 

tSuperintendent of Construction and Engineering, George A. Hormel & Co., Austin, Minn 
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TABLE 1—SIEVE ANALYSIS OF 
AGGREGATE 
Percent passing Sieve No 
100 % in. 
06 
51 & 
13 16 
18 30 
0.5 50 
0.2 100 


The fineness modulus of the combined aggregate is 4.38, and the density of 
the mixture is 150.1 lb per cu ft. 

The grading of the aggregate may vary considerably, depending on the 
source, but should be in the range of 100 percent passing 3%-in. sieve, and 0 to 
5 percent passing No. 4 for coarse aggregate. For fine aggregate, 100 percent 
should pass No. 4, 1 to 15 percent should pass No. 50, and 0 to 5 percent should 
pass No. 100. The proportion of fine and coarse aggregate should be between 
40 to 60 percent of fines with a resulting fineness modulus of 3.90 to 4.30. It 
is desirable for those not familiar with the design of concrete mixes or lacking 
the facilities to design concrete mixes to employ the services of a competent 
commercial testing laboratory to determine the best material proportions to 
use for the available aggregate. All aggregate should be clean, hard, and durable. 
Good aggregates include crushed granite, trap rock, dolomite, and emery. 

Not content to purchase this material as one does ordinary concrete aggre- 
gates, it was arranged to have the material bagged at an extra cost of $2.00 per 
ton. This was done for one practical reason, and one psychological reason, and 
the extra cost of about *4 of a cent per foot is considered fully justified. The 
practical reason is that segregation of the material, which normally occurs in 
a stock pile, is prevented and moisture is excluded. This assures that every 
batch of concrete will be mixed exactly alike, and will have uniform consistency. 
The psychological reason is that this way of handling gives the material a 
greater importance in the eyes of the workmen, and increases the chances that 
it will be handled according to specific instructions. 


MIXING WATER 


Control of mixing water is most important. For this type of concrete, the 
mixing water should not exceed 31% gallons per sack of cement, including any 
moisture which may be present in the aggregate. This amount of water will 
result in a no-slump concrete (Fig. 1) which contains just enough moisture so 
that it can be packed into a ball in the hand. The mix should be proportioned 
to suit the aggregate available so that the cement-water paste overfills the 
voids in the aggregate by about 5 percent. 

The material should be mixed for 3 minutes in a revolving blade type mixer 
such as a plaster or mortar mixer because the material has a tendency to ball 
up in the revolving drum mixer usually used for concrete. This floor surfacing 
mixture has a cement factor of 12.3 sacks per cu yd and will reach a compressive 
strength in excess of 7000 psi in 28 days. 
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Fig. 1—Standard slump test show- 
ing consistency of concrete used 


NEW WORK 


This heavy duty floor surfacing mix can be used as a monolithic or as a 
bonded finish. When used as a monolithic finish, the mix for the base slab must 
not permit excess water to appear at the surface. If this occurs, the wearing 
course absorbs the excess water, greatly reducing its strength and durability. 

If there is any water gain on the surface of the base slab in spite of preeau- 
tions taken against it, it should be removed before the topping is added. The 
topping should not be applied until the base course has stiffened sufficiently so 
that foot-prints will not be made by the workmen when placing the topping. 

When used with a bonded finish, the base slab, if new construction, should 
be struck off *4 to 1 in. below finish grade, and when it has partially hardened, 
it should be brushed with a stiff-bristled broom to remove all laitance and scum, 
and to score the surface to provide mechanical bond. 


REPAIRS 


For old construction, the surface is chipped out 1 in. deep, and treated the 
same as a bonded finish in new construction. In this case, the use of a concrete 
saw is almost indispensable to obtain square cut edges (Fig. 2). Chipped corners 
of the cut edges result in a thin layer of surfacing material covering some of 
the old concrete. Under heavy trucking, this slop-over material will quickly 
disintegrate, and leave a slight depression at the edge. Thereafter, the effects 
multiply rapidly as the truck wheels bounce in and out of the depression. 


If the old concrete surface should be inadvertently chipped out deeper than 
1 in. it is desirable to fill and tamp the deeper places to 1 in. below final grade 
level prior to the general spreading of the surfacing mixture. The reason for 
this is that the very dry concrete mix cannot be well compacted if it is more 
than 1 in. deep. 


Recent bond tests have shown that superior bonding occurs when the ex- 
posed surface is largely clean coarse mortar. Where large percentages of coarse 
aggregate are exposed, the bond strength is reduced. A bonded surface is likely 
to fail if the temperature differential between the base slab, and the topping 
mixture exceeds 5 F. 
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Fig. 2—Old floor cut out and ready for repair 


Fig. 3—Brooming grout into old concrete 
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Immediately prior to placing the finish topping, the base course must be 
thoroughly wetted and cleaned by scrubbing with clean water and a stiff brush. 
All surplus water is removed and a wash of cement mortar applied. This cement 
wash consists of 1 part cement, 1 part sand, and 4% gallons of water per bag 
of cement, and is thoroughly brushed on to the slab with a stiff brush (Fig. 3). 
The cement wash should not be allowed to dry out before the topping is applied. 

The topping mixture is placed and spread 14 in. above the finished floor 
(Fig. 4). This material can be most easily spread with a common garden rake. 


It must then be tamped or rolled thoroughly, and sereeded to the proper eleva- 
tion (Fig. 4). Special care should be taken to see that all lumps of finish material 
are broken up and distributed. A reciprocating air-driven backfill tamper for 
the first compacting operation on heavy duty floor jobs, using a flat steel plate 


on the working head (Fig. 5), appears to be the best method. It is particularly 
effective at construction joints and formed edges. 

It is almost impossible to finish this type of floor surface without the use of 
a power float. For the work described, a Kelley compactor power float, (Fig. 6) 
a dise type with 2 or 4 hammers which beat on the dise as it rotates densifying 
the topping material and driving it in at the bond line, is used. The power float 
should be used within one-half hour of placing the material. Failure to finish 
in time will result in a lot of trouble. 

The power floating should be followed by hand steel troweling (Fig. 7) to 
eliminate surface irregularities, and to seal any surface pores which may exist. 
Steel troweling is usually followed by fine brushing to reduce slipperiness. 


JOINTS AND CRACKS 


Floors have a tendency to wear first at cold joints, and this is also where it 


Fig. 4—Screeding concrete prior to tamping. Note that screedboard is 1% to 1/4 in. higher than 
surrounding floor. Tamped concrete at left supports man without leaving footprints 
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Fig. 5—Tamping with a recipro- 
cating backfill tamper 


Fig. 6—Power floating a patch 
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Fig. 7—Steel troweling after use of power float 


is most difficult to obtain thorough compaction. Extra care at joints will pay 
dividends. Joints or cracks which may develop should never be left open. They 


should be caulked with lead wool or molten lead or, where floors are not subject 


to grease action, filled with a hot bituminous rubber sealing compound which 
will remain somewhat plastic. Such joints should be a little overfilled, never 
underfilled. 


CURING 


Just as water is of utmost importance in the proportioning and mixing of 
concrete, it is also of utmost importance in curing after it has hardened. The 
chemical reactions between cement and water which cause concrete to harden 
will continue indefinitely if moisture is present and temperatures are favorable. 
For this reason, water for curing should be applied to the new floor surface as 
soon as it can be done without marring the finish. It should be kept continuously 
wet as long as possible because the longer the curing time is extended, the 
stronger, harder, and more impervious the concrete will be. The minimum 
curing time is seven days. 

Keeping concrete floor surfaces continuously wet for the minimum curing 
period is difficult. Floor finishes present such a large surface area that loss of 
moisture through evaporation takes place rapidly. Rapid drying stops the 
chemical reaction, and causes loss of strength, dusting, and cracking. Colorless 
membrane curing compounds have been found to be best suited to our needs. 
Although this method of curing is not as efficient as the wet method, it gives 
good results. The curing compound may be sprayed on the surface immediately 
after finishing. 

A final problem, not unique to our plant, is the problem of floor use. Most 
operating people seem to believe they should be allowed on a new floor surface 
or patched area the day after the construction gang moves out. This cannot be 
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allowed. Those who have the responsibility for floor maintenance must be 
immune to arguments, and build stout barricades to prevent use of floors until 
after the curing period. 


SUMMARY 


Floors built in this manner will not disintegrate or dust under normal heavy 
use athough occasional holes may develop where compaction was not thorough 
or where surface irregularities magnify the effects of heavy trucking. Such 
places can be cut out and patched with relative ease by using exactly the same 
concrete mix and methods described. 

Patches must be exactly flush with the surrounding concrete surfaces. Over- 
filled or underfilled patches will result in relatively rapid wearing at the edges 
of the patch. Patches must be cured and protected from traffic at least as 
thoroughly as the original floor. 


The earlier statement that the cement factor in this heavy duty concrete 
floor surface mix is 12.3 sacks per cu yd may sound extravagant. In reality, it 


is not extravagant, because material costs can be as low as 12 cents per sq ft 
where a suitable aggregate is available locally. Material cost may increase 
depending on the type and availability of the aggregate selected. 

Under ideal conditions, preparation, mixing, placing, finishing, and curing 
can be accomplished at a cost of about 12 man hours per 100 sq ft of floor sur- 
face. At an average labor rate of $2.00 per hour, the labor cost would be 24 
cents per sq ft making a total of about 36 cents per sq ft. This does not include 
the cost of removing old floor surfaces for replacement. 





Title No. 49-10 


Inelastic Behavior in Tests of Eccentrically Loaded 
Short Reinforced Concrete Columns* 


By EIVIND HOGNESTADTt 


SYNOPSIS 


Presents methods and results of an experimental and analytical investiga- 
tion undertaken to throw new light on the behavior of reinforced concrete 
members subject to combined bending and axial load. Describes observations 
of basic behavior of such members and indicates mathematical expressions for 
ultimate loads. 

A total of 120 column specimens were tested, of which 90 were 10+in. square 
tied columns with 1.46 to 4.8 percent reinforcement, and 30 were 12-in. cylin- 
drical spiral columns with 4.25 percent longitudinal reinforcement. The con- 
‘rete quality was varied from 1500 to 5500 psi, and the eccentricity of loading 
varied from 0 to 1.25 times the lateral dimension of the columns. 

An inelastic flexural theory was developed, by means of which the behavior 
of the test columns may be explained, and the measured ultimate loads may 
be predicted with satisfactory accuracy. 


INTRODUCTION 


In the last decade it has been claimed repeatedly that our knowledge of the 
entire field of reinforced concrete design has advanced so far that a transition 
to inelasticity rather than elasticity, and ultimate loads rather than working 
stresses is necessary to continued progress. A transition to ultimate design has 
been made in some countries such as the USSR and Brazil, and several Euro- 
pean authors have claimed that the ultimate theories are ‘“‘ripe for the specifi- 
cation form now.” 

In this country it was generally felt, however, that even though an ultimate 
theory for the behavior of centrically loaded columns and beams failing in 
bending has been rather well established, our knowledge regarding other types 
of members, among them eccentrically loaded columns and beams failing in 
shear or bond, was incomplete. 

Thus, the investigation reported herein was undertaken to throw new light 
on the behavior of reinforced concrete members subject to combined bending 
and axial load. 


Object 
It is the object of this paper to describe test observations regarding the basic 
behavior of reinforced concrete members subject to combined bending and 


*Received by the Institute Mar. 26, 1952. Title No. 49-10 is a part of copyrighted JouRNAL or Tae AMERICAN 
Concrete Institute, V. 24, No. 2, Oct. 1952, Proceedings V. 49. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Feb. 1, 1953. Address 18263 W. MeNichols 
Rd., Detroit 19, Mich 

+Member American Concrete Institute, Research Associate Professor of Theoretical and Applied Mechanics, 
University of Illinois, Urbana. 
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axial load and to express this behavior, as far as possible, in mathematical 
terms. Hence, the present paper considers two major topics: 

(1)—-E-xpressions for ultimate loads are studied in the light of experimental 
evidence. 

(2)—A general theory is developed with the aim of predicting behavior 
throughout the range of loading to failure, including the mode of failure. Only 
by expressing this general behavior in mathematical terms can we determine 
appropriate factors of safety under various conditions, develop approximations 
suitable for design, and study the effects of variables not included or incom- 
pletely covered in existing test data.* 

Outline of tests 

The 120 test specimens were divided into four groups, three of tied columns 
and one of spirally reinforced columns. An outline of the tests is given in Table 
1, which indicates that the major variables were amount of reinforcement, 
concrete quality, and eccentricity of load. 

The tied columns were all 10-in. square with a total length of 6 ft 3 in. while 
the spirally reinforced columns were 12-in. round and 7 ft 6 in. long. The two 
types of columns with four types of longitudinal reinforcement are shown in 
Fig. 1. 

All specimens were tested with 15 to 20 increments of load to failure, the 
total testing time being about one hour. Strains in the reinforcement and on 
the concrete surface as well as lateral deflections were measured after each 
increment of load. 


*A detailed report of the investigation discussed herein has been published as Bulletin 399, University of Illinois 
Engineering Experiment Station 


TABLE 1—OUTLINE OF TESTS* 


“y 
| | | } Total 

Group | Column Eccentricity, | Column Longitudinal Concrete | No 

No | No in | size and type reinforcement | quality |} columns 


Tens. 4—#5 
10-in A,= 1.24 sq in. 
square A, B, C 
tied | Compr. 2—#3 

{ 


, 


A,’ = 0.22 sq in 


Tens. = Compr. 
10-in 4—#5 
square 


tied A,= Ay’ = 1.24 8q in. 


Tens. = Compr 
10-in, | 4—47 
square 
tied Ay= Ag’ = 2.40 sq in 
1: 
0 
3.0 12-in 
6.0 round S—#7 A, B, C 
9.0 } spiral | Ag =4.80 sq in 
15.0 | 


*Columns were made with intermediate grade deformed, longitudinal bars and drawn wire spirals. Groups I 
to III were made with plain '4-in. ties at 8-in spacing The spiral size varied with concrete strength: Concrete A, 
USWG, No. 1; Concrete B, No. 3; Concrete C, No. 7; all at 1'%-in. pitch. The three grades of concrete were: 
A = 5000, B = 3500, and C = 2000 psi design strength. Two companion specimens were made throughout. The total 
column length was 7.5 times the least lateral dimension. 

Column designation: First letter—Grade of concrete; Number—Column number; Second letter 


: Companion 
specimen. Thus B4a indicates 3500 psi concrete, Column No. 4, first companion specimen 
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Fig. 1—Types of column specimens 


NOTATION 


area 

concrete gross area 

area of tension reinforcement 
area of compression reinforce- 
ment 

total area of longitudinal rein- 
forcement 

width of rectangular member 
total compressive internal force 
In concrete 

distance from neutral axis to 
compression edge of member 
diameter 

distance from centroid of tension 
reinforcement to compression 
edge of member. 

distance from tension to com- 
pression reinforcement, centroid 


to centroid. 


modulus of elasticity of concrete 


E, 


The letter symbols used in this paper are generally defined by figures. The 
common symbols are listed below for convenient reference. 


modulus of elasticity of reinfore- 
ing steel 

eccentriticy of load with respect 
to mid-depth of section 
eccentricity of load with respect 
to centroid of tension reinforce 
ment 

compressive stress in concrete 
compressive strength of 6 x 12-in 
cylinders 

compressive strength of concrete 
in flexure 

stress in tension reinforcement 
stress In compression reintorce 
ment 

yield point of tension reinforce- 
ment 

yield point of compression rein- 
forcement 

ratio indicating position of neu- 
tral axis c/d 





120 


k; and ky = 
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coefficients related to magnitude 
and position, 


internal 


respectively, of 
compressive force in 


concrete 


= load; also ultimate load 


ratio A,/bd 
ratio A,’ /bd 
ratio pfyp/fe’ 
ratio p'fyp' /fel’ 
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distance to centroid of an 
Fig. 7 

ratio ko/k, 

strain 


area, 


= strain in concrete 
= compressive strain in concrete 


corresponding to maximum stress 
ultimate concrete strain in 
flexure 


internal force in tension rein- - strain in reinforcement 


forcement o/o = percent (hundredths) 


depth of section 0/00 per raill (thousandths) 


MATERIALS, FABRICATION, AND TEST METHODS 
Materials 

Type I portland cement was used throughout the tests. The fine aggregate 
used was a Wabash River torpedo sand having an average fineness modulus of 
about 3.0. The coarse aggregate was a Wabash River gravel of 1-in. maximum 
size. Both aggregates passed the usual specification tests. 

The three concrete mixes used were designed to have 28-day cylinder 
strengths of about 2000, 3500, and 5000 psi. The three mixes were by weight 
1:2.2:3.1, 1:3.1:4.3, and 1:4.8:6.4 with corresponding water-cement ratios of 
0.55, 0.69, and 1.02, also by weight. The concrete as placed had an average 
slump of about 6 in. 

Deformed bars meeting ASTM Designation A 305-49 were used as longi- 
tudinal reinforcement in intermediate grade billet steel. The spirals used in 
Group IV were drawn wire. 


Fabrication and curing 

The columns were cast in pairs in steel forms. The reinforcement was assem- 
bled in units and some of the electric SR-4 strain gages were mounted and 
water-proofed before the reinforcement was placed in the forms. Other gages 
were mounted through cored holes after casting. 


The concrete was compacted in the forms by means of a heavy form vibrator. 


The columns and control cylinders were moist-cured in a fog room for one 
week, then allowed to dry out in the air of the laboratory for three weeks 
before testing. 


Test methods 

A cylindrical column in the 3,000,000-lb testing machine is shown in Fig. 2. 
Load was applied through “knife-edges” at the top and bottom support of all 
columns except the concentrically loaded spiral columns which were tested 
with “flat ends.’’ Loading proceeded in 15 to 20 increments to failure, the time 
between the first and last increment being about an hour. 

Strains in the reinforcing steel and on the concrete surface as well as lateral 
deflections in the plane of eccentricity were observed after each increment of 


load. Ultimate load and mode of failure of all columns were carefully noted. 
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Fig. 2—Test of cylindrical column 


DEVELOPMENT OF THEORY 
Basic assumptions 

In flexural analysis of reinforced concrete, very simple assumptions will 
generally suffice to estimate ultimate loads within plus or minus ten percent. 
The rectangular stress-block introduced in this country by C. 8S. Whitney is an 
example of such simple assumptions. 

The theory developed herein is not confined to the prediction of ultimate 
loads. For the reasons given in the introduction it is desirable to predict be- 
havior of the members from the smallest loads to failure, including the mode 
of failure and the ultimate load. Therefore, the assumptions of the present 
theory must be in fairly close agreement with the actual behavior of reinforced 
concrete. 


(1)—The stress-strain relation of concrete in flexure is a source of major 
difficulty since measurements of concrete stresses in flexure are difficult indeed, 
although strains may easily be measured 


In recent years a number of investigators have reported stress-strain relations 
beyond the ultimate stress for concrete cylinders in centric compression. An 
example of such curves is given in Fig. 3. These curves indicate that the sudden 
failures generally appearing shortly after the maximum load in the common 
compression test are properties of the testing machine rather than a character- 
istic of concrete. Concrete is actually able to deform considerably after the 
maximum stress has been reached, maintaining a considerable part of its load 
carrying capacity. 
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Fig. 3—Test of 3 x 6-in. cylinders 
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In studies of the plasticity of metals, it has generally been found that stress- 
strain relations obtained in centric tension and compression tests may be 
applied to flexure with good accuracy. The successful application to metals of 
the thesis that the stress-strain relation is independent of the strain gradient 
does not prove that the thesis is strictly applicable to concrete. It is believed, 
however, that the general characteristics of the stress-strain relation for con- 
crete in compression as indicated in Fig. 3 are applicable to flexure. Hence, 
the relation shown in Fig. 4 was adopted for the present analysis. 

In close agreement with compression tests, the initial curved part of the 
stress-strain relation in Fig. 4 is assumed to follow a second degree parabola. 
The maximum stress in flexural compression, f.”, is assumed equal to 85 percent 
of the strength of 6 x 12-in. cylinders, f.’. It is well known that the compressive 
strength of concrete depends on size and shape. The coefficient 0.85 above was 
developed on the basis of numerous tests of concentrically loaded columns 
during the ACI Column Investigation in the 1930’s, from which investigation 
it was found that the ultimate load of tied columns and the yield point of 
spiral columns could be expressed as 

P = 0.85 fe Ac + fup! Aut (1) 

The initial modulus of elasticity, F., is assumed in accord with Inge Lyse’s 

equation 
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Fig. 5—Ultimate strains in flexure 


E. = 1,800,000 + 460 f.... . (2) 

With these assumptions, the strain corresponding to the maximum stress, 
e«, = 2f.''/E., will be 0.001 to 0.002 for normal concretes, which is in accord 
with tests of cylinders in centric compression. Such cylinders will crack con- 
siderably if strained much beyond e,. However, in flexure it has been observed 
that, due to the presence of less strained materia! closer to the neutral axis, 
strains of the order of 0.004 can be developed before cracks appear. This im- 
portant phenomenon was observed and reported by A. N. Talbot in 1906, by 
O. Baumann in 1934, and by several investigators later. 

In the tests reported herein, the ultimate strain, e., for columns failing by 
crushing of concrete was observed. The results are presented in Fig. 5 as a 
function of concrete strength, and the relation between f.’ and e, given by some 
previous investigators are indicated. It appears that these earlier findings are 
very different, which is understandable since the test values obtained are 
sensitive to time effects, the gage length used, and the location of gages with 
respect to the local region of failure. Owing to these reasons, a considerable 
scatter is also present in the test results presented in Fig. 5. However, since 
the ultimate strength of reinforced concrete members is rather insensitive to 
variations in ¢,, a constant average value e, = 0.0038 was considered satis- 
factory for the present analysis. 

The descending part of the stress-strain relation in Fig. 4 was assumed linear, 
and the value Af.”” = 0.15 f."’ was found to give the best agreement between 
observed and predicted ultimate loads in the column tests reported herein. 
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Fig. 6—Flexural analysis of rec- 
tangular section 
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For developing ultimate load expressions, the stress-strain relation in Fig. 4 
is characterized by the constants k, and k,, values of which are given in Table 
2 as a function of concrete strength. 

(2)—It is recognized that concrete may carry some tension between cracks 
and in the region near the neutral axis. As far as load-carrying capacity is 
concerned, however, the effects of such tensile stresses are believed to be small, 
and it is assumed in the present analysis that no tensile stresses are resisted 
by the concrete. 

(3)—-Strain measurements in the present tests confirmed the findings of 
Brandtzaeg and others that a fairly linear distribution of strain exists across 
the section of reinforced concrete flexural members, even near the ultimate load. 

(4)—It is assumed that no general slip occurs between concrete and rein- 
forcing steel although local slip must be present at tension cracks in the con- 
crete. 

(5)—The stress-strain relation for the intermediate grade steel used may be 
closely approximated by the usual trapezoid with a yield level at the yield 
point stress. 


TABLE 2—VALUES OF k, AND k, 


1000 2000 3000 4000 6000 


O.873 O.835 0.808 0.786 0.758 
0.481 0.459 0.444 0.432 O.4A17 
0.551 0.550 0.550 0.550 0.550 
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Rectangular tied columns 
A rectangular section with reinforcement at opposite faces is considered to 
be loaded in the plane of symmetry, Fig. 6. 


The expressions for the ultimate load were developed with the assumption 
that the compression reinforcement reached yielding. This assumption is 
justified since the yield strain of the reinforcement generally is 0.0015 to 0.0020 
while the compressive strain of the concrete at failure is assumed to be «, = 
0.0038. Using the notation of Fig. 6 and taking moments about the tension 
steel, the following equation for the ultimate load, P, is available 

PXe’ =k, bef.” (d ko c) + Ad’ fyy’ d’ ; . (3) 

Equilibrium of forces give 

Pah, bf." + Ad F545" A.J; . (4) 
Finally by geometry 
J e. E, a are . (5) 
o 

(1)—-A tension failure is initiated by yielding of the tension steel; this pro- 
duces a movement of the neutral axis towards the compression edge, and the 
ultimate load is reached when the concrete crushes in the compression zone. 
In this case, the ultimate load may be derived without the use of Eq. 5 since 
at failure f, = f,,. The solution of Eq. 3 and 4 gives the following expression 
for the ultimate load for tension failures 


l e 
P = f.’’ bd [ 0’ q+ ~ { ( \) + 
‘ . . 2a d 
( e’ 1) ' [ P d' e | / 
+ + (¢ - 
| d a 7 d d 7 q 


iq. 6 may be simplified for symmetrical reinforcement, q’ q; 
p t al (< 1) (= 1) d’ 
2a d | d ”. a 


When there is no compression reinforcement, g’ = 0, and 


P fe" ba | beet -(< 1) 4 (< 1) 4 east | (8) 
2a | d V \a are 

In these equations the ultimate load is given as a function of the dimensions 
of the section, the eccentricity of load, the yield points of the reinforcement, 
and only two properties of the concrete: f.”” = 0.85 f,’ and @ = k,/k, = 0.55. 

Brandtzaeg, Saliger, Whitney, Jensen and others assumed a rectangular 
stress block, @ = 0.50. Substituting this value in the ultimate load expressions 
above leads to equations very similar to those developed by Brandtzaeg, Whitney 
and others. 

(2)—-A compression failure will take place if the concrete in the compression 
zone fails before the tension steel reaches yielding. Hence, the stress in the 
tension steel must be determined by means of Eq. 5. 


Evaluating the ultimate load, P, from Eq. 3, 4, and 5 involves the solution 
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of a cubic equation, which can be done most conveniently by successive 
approximations or graphical methods. 


(3)—A given section is considered balanced when it is loaded with such an 
eccentricity that the tension steel reaches yielding just as the concrete crushes 
at the ultimate load. The limiting condition between tension and compression 
failures defined in this manner may be referred to in terms of the ratio k = c/d 
indicating the position of the neutral axis at failure. For the balanced condition, 
this ratio is 

€u 


bahe = = _— (9 
d €u + Sup Ue 


A tension failure will result if k is less than k,, and a compression failure will 
take place if k is greater than ky. 


By introducing k = ky into Eq. 3 and 4, the eccentricity for balanced failure 
and the corresponding ultimate load may be found. 


(4)—The general behavior of the test columns throughout the loading range 
to failure may be predicted in terms of strains and deflections at the various 
load levels on the basis of the basic assumptions given earlier. This may be 
achieved by assuming a range of values for the concrete strain, ¢., at the com- 
pression face and computing the corresponding values of the constants k, and 
k, in aecord with Fig. 4. For example, when ¢, equals €,, k, = 2/3 and k, = 3/8. 
Then, the position of the neutral axis and the load corresponding to a particular 
section and eccentricity with the successive chosen values of «. may be found 
by solving the equations of equilibrium and compatibility. 


Cylindrical spiral columns 


The behavior of spirally reinforced cylindrical columns subject to eccentric 


loads also may be studied on the basis of the general assumptions presented. 


The spiral reinforcement is, however, a new variable in need of consideration. 


It is recognized that spiral reinforcement contributes to the ultimate strength 
of concentrically loaded columns. On the other hand, large deformations must 
take place and the concrete shell will generally spall off before lateral restraint 
of the concrete core is developed through the action of the spiral. In the case 
of eccentric loading, such large deformations will generally increase the eecen- 
tricity considerably. The spirals in the present test columns were designed in 
accord with current ACI specifications. It was observed throughout the tests 
that, owing to the increase in eccentricity, such spirals were unable to “‘replace’’ 
the strength of the shell. It is reasonable to assume, therefore, that the ultimate 
load of eccentricity loaded columns with normal amounts of spiral reinforce- 
ment will be reached when the sheil fails in compression. 


In the study of rectangular tied columns, it was found that the internal 
compressive force in the concrete may be expressed as C = k,f.''be, Fig. 6, 
where the constant k, is given in Table 2. An equivalent uniform stress distri- 
bution, f.””, to a depth k,c gives the same force C. 
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Fig. 7—Flexural analysis of circular section 





























In the case of circular sections (Fig. 7) an equivalent uniform stress distri- 
bution may be assumed over a segment with the rise k,c. Strictly, the value of 
k, involved should be a function of the depth of the neutral axis, c, as well as 
of the assumed stress distribution, Fig. 4. For the present analysis, however, 
the values of k, corresponding to a rectangular section were used as an approxi- 
mation. Furthermore, the resultant compressive force in the concrete was 
assumed to act at the centro. of the segment with rise k,c. The distance of 
this centroid from the center, z, in Fig. 7, may according to C. 8. Whitney 
be expressed approximately as 


3 2 ( . =) 
=— + 0.293i — —- — 
D or 4 Dd? 


in which A is the area of the segment with rise kc. 


The following equations for the ultimate load apply to tension as well as 
compression failures. With reference to Fig. 7, these equations are available: 


Equilibrium of forces, 

P=085f/ A+ E,2Ave.... be (11) 
Equilibrium of moments, 

P, = 0.85 f.. A-2+ EB, ZAcat%.. . (12) 


Ly geometry, 
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> (D/2 4 Ls} c) 
- 


€u 
(D/2 + T.2 c) 


Cc 
D/2 + I41) 


wa’ = S(e- DA +20 

Because of the assumed trapezoidal stress-strain relation for the reinforce- 
ment, we have the limit, 

| eo | S Sup/Be . = scons a 

The solution for the ultimate load of Eq. 10 to 14 by algebraic means is 
very cumbersome since trigonometric expressions for the area A as well as a 
cubie equation for c are involved. In the present study it was chosen to solve 
for P as a function of the eccentricity, e, and the cylinder strength, f.’, by 
graphical means. 

The condition referred to as a balanced failure will exist if, at the ultimate 
load 


€u 
(D/2 + 241) r (15) 
€u T Jur E, 


TEST RESULTS FOR TIED COLUMNS 
Ultimate loads 

The observed ultimate loads of the eccentrically loaded columns are com- 
pared with the theory presented in the previous section in Fig. 8, 9, and 10 
for Groups I, II, and III, respectively. The theoretical curves are based on the 
actual eccentricity at failure, 7.e., the initially applied eccentricity plus the 
average measured center deflection at failure. The reliability of the predicted 
ultimate loads is evident from these figures and is indicated also by the statis- 
tical study of the ratio between observed and calculated ultimate load, P;,.; 
Paice, presented in Table 3. It appears that a general agreement exists between 
measurements and theory, the majority of deviations being well within the 
range of experimental scatter. 

Some tied columns were loaded through knife-edges at mid-depth of the 
section. The columns of Group I with a nonsymmetrical arrangement of rein- 
forcement were considered loaded with an eccentricity equal to the distance 
between mid-depth and the plastic centroid plus deflections (Fig. 8). The 
plastic centroid is determined by using a transformed section with an inelastic 
modular ratio equal f,,/0.85 f.’. 

For Groups IJ and III, on the other hand, mid-depth and the plastie cen- 
troid coincide due to the symmetrical reinforcement. Even so, the present 
tests confirmed findings of earlier investigators that columns loaded concen- 
trically through knife-edges are 10 to 15 percent weaker than similar columns 
loaded with flat ends. The writer believes that this reduction in strength is 
due to the fact that small initial eccentricities due to errors in centering the 
columns in the testing machines as well as nonhomogeneities of the concrete 
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TABLE 3—STATISTICAL STUDY OF THE 
RATIO Pret /Preate 


Arithmetic | Standard Num- 
Variable Mean Deviation | ber* 


1.012 0.062 30 
I 0.992 0.056 28 
If 1.026 0.053 26 
V 1.018 0.052 


I 

Group | I 
| I 

I 


0.993 | 0.057 
Concrete B 1.016 0.049 
ge 1.024 0.063 

0 | 1.013 0.060 

Yt 1.038 0.059 

Eccentricity gt | 0.986 0.053 
yt OC 1.006 0.047 

|; 1\%t 1.015 0.057 


Mode of Cc 1.027 0.059 
failuret ar 0.996 0.052 


All columns 1.012 0.058 114 


*Six test columns are excluded due to obvious errors 
in testing 

tMode of failure as predicted by theory; C, com- 
pression failure; 7’, tension failure 


in the lateral direction will generally be present. Such initial eccentricities will 
vause lateral deflections and thereby eccentricities which are large enough, 
when the plastic stage of loading is reached, to explain the reduction in strength 
mentioned above. The strengths of these columns compared well with values 
computed for an eccentricity of 14-in. plus the measured deflections at failure. 
Mode of failure 

A theoretical curve based on Eq. 4, 5, and 9 is shown in Fig. 8 to 10 as a 
dividing line between tension and compression failures. The mode of failure 
of the various test columns was observed through strain and deflection measure- 
ments and visual inspection of the formation of cracks. Compression failures 
were characterized by crushing of the concrete at the compression edge before 
the tension steel reached yielding. Tension failures, on the other hand, were 
identified by an initial yielding of the tension reinforcement followed by a 
considerable deflection before crushing took place. In intermediate cases, that 
is, near balanced conditions, the mode of failure was difficult to determine 
experimentally since strain readings were generally not made at the instant 
of failure. 

The observed modes of failure are indicated in Fig. 8 to 10. It appears that 
all failures observed as tension or compression failures were predicted correctly, 
and failures observed as near balanced correspond to ultimate loads near the 
theoretical dividing curve. It is believed, therefore, that the agreement between 
observed and predicted modes of failure is very satisfactory. 

Behavior during loading 

It was indicated earlier that strains and deflections throughout the range 
of loading may be predicted on the basis of the assumptions made in the devel- 
opment of theory. Typical comparisons between observed and _ predicted 
behavior are presented in Fig. 11 to 13. 

(1)—A typical example of a compression failure is shown in Fig. 11. Observed 
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Fig. 11—Behavior of column failing in compression 


strains in tension and compression reinforcement are given as an average of 
three SR-4 gages. Strains on the compression face of the column are shown 
both as measured in the failure region and a short distance away from this 
region. The lateral deflection at mid-height was measured with respect to the 
ends of the prismatic portion of the column shaft. 

Finally, the observed position of the neutral axis was obtained by plotting 
strains from five gage lines across the section. All heavy curves indicating theo- 
retical trends were computed with the basic assumptions presented earlier. 

It appears from Fig. 11 that the column deformed continuously under 
increasing load, with a slight movement of the neutral axis towards the com- 
pression face, until the yield point of the compression reinforcement was 
reached. At this stage, discontinuity appears in all theoretical curves pre- 
sented, since the compression steel continued to deform without increase in 
stress and the concrete thus carried ali further increase in internal compressive 
force alone. The final failure, which took place at small stresses in the tension 
steel, was caused by crushing of the concrete at the compression face. After 
such crushing, the compression reinforcement buckled between ties, and the 
load capacity of the column consequently dropped suddenly to a fraction of 
the ultimate load. It should be noted that both theory and observations in- 
dicate a very rapid increase of strains with load near the ultimate. It was 
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Fig. 12—Behavior of column with near balanced failure 


apparent that the column was in a state of semi-neutral equilibrium when 
failure took place, the concrete was in a plastic state and the rate of loading 
as well as the duration of load were factors of importance. 


(2)—A failure under almost perfectly balanced conditions is presented in 
Fig. 12. As loading proceeded, the first discontinuity of behavior was caused 
by yielding of the compression reinforcement. This was followed almost im- 
mediately by yielding of the tension steel and failure of the concrete in com- 
pression. 


(3)—A typical example of a tension failure is given in Fig. 13. Failure was 
initiated by yielding of the tension steel, which produced a state of neutral 
equilibrium even more pronounced than for compression failures. 


Nevertheless, it was noted that very large deformations took place before 
the concrete failed and the compression steel buckled. The predicted ultimate 
load is somewhat low since some variation in yield point existed in the lot of 
reinforcement used. 


It is felt that satisfactory agreement between observed and predicted strains, 
deflections, and modes of failure is shown by the three typical examples given. 
This indicates that the behavior of tied columns is rather well reflected by the 
basic assumptions made herein. 
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Fig. 13—Behavior of column failing in tension 


TEST RESULTS FOR SPIRAL COLUMNS 


Ultimate loads 

The concentrically loaded cylindrical columns in Group IV were loaded with 
flat ends since their capacities were greater than the safe load on the knife-edges 
used. Hence, these columns were truly concentrically loaded, and the yield 
points agreed well with Eq. 1. 

The eccentrically loaded columns were loaded through knife-edges. The 
observed and theoretical ultimate loads are compared in Fig. 14. The reliability 
of the predicted ultimate loads are further studied in Table 3. For all practical 
purposes the agreement is excellent. It appears that the theory presented 
gives ultimate loads well within the range of experimental error. 


Mode of failure 

The mode of failure of the various columns is indicated in Fig. 14. A theo- 
retical dividing curve between tension and compression failures, based on Eq. 
10, 11, 13, 14, and 15, is also presented in the figure. An excellent agreement 
between actual and predicted modes of failure exists, though only the columns 
with a low strength concrete were tested with such eccentricities that balanced 
conditions were to be expected. 

Before failure of the concrete shell took place, the general behavior of the 
test columns with spiral reinforcement appeared to be very similar to that of 
the tied columns. A state of semi-neutral equilibrium was also present in both 
types of columns near failure. The behavior of the spirally reinforced columns 
at failure, however, was very different from that of tied columns. When the 
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Fig. 14—Ultimate loads, Grown IV 
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Fig. 15—Spiral column after failure 


d+ ae 


concrete shell spalled off on the compression side, the spiral reinforcement 
prevented buckling of the compression steel as well as failure of the concrete 
core. Hence, regardless of the mode of failure, these columns were able to 
carry considerable load after failure and deflect extensively under load. The 
column shown in Fig. 15 illustrates this great toughness. When loading of this 
column was discontinued, a deflection twice the initial 3-in. eccentricity was 
present, the total eccentricity thus being three times the initial value, or 9 in. 
In the condition shown in the figure, this column nevertheless carried a higher 
load than the ultimate load of a similar column loaded initially with a 9-in. 
eccentricity. 


CONCLUSION 


On the basis of literature studies and of phenomena observed in the present 
tests, a general inelastic flexural theory was developed, by means of which the 
behavior of the test columns as well as the ultimate loeds could be predicted. 


Two modes of failure prevailed in the tests, compression failures and tension 
failures. The compression failures were characterized by crushing of the con- 
crete at the compression face while stresses in the tension reinforcement were 
less than the yield point. Tension failures, on the other hand, were characterized 
by yielding in the tension reinforcement followed by large deformations and 
considerable movements of the neutral axis before crushing of the concrete 
took place. 
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Tied columns 

The concentrically loaded tied columns were loaded through knife-edges. In 
agreement with the findings of earlier investigators it was found that the ulti- 
mate loads were 10 to 15 percent lower than for similar columns tested with 
flat ends. This phenomenon is believed to be due to the fact that it is impossible 
practically to obtain a truly concentric application of the load through knife- 
edges. 

The final failure of all eccentrically loaded tied columns was caused by 
crushing of the concrete at an ultimate strain of about 0.0038. After such 
crushing had taken place, the compression reinforcement buckled between ties, 
and the load capacity of the columns thereby dropped considerably. 

The intermediate grade compression reinforcement generally yielded before 
failure of the concrete took place. 

Preceding the final failure of the concrete, all eccentrically loaded columns 
were in a semi-neutral equilibrium with the applied load. This state of equi- 
librium was characterized by considerable increases in deformation for very 
small additions of load. 

It was observed that columns failing in tension developed much larger 
deflections before final crushing of the concrete took place than did the columns 
failing in compression. 

A fairly linear distribution of strains across the section was found to exist 
from the smallest loads to failure. 


Spiral columns 

The concentrically loaded spiral columns were tested with flat ends. The 
general behavior of these columns was in agreement with the findings of earlier 
investigators. 

The ultimate load of the eecentrically loaded columns, which were loaded 
through knife-edges, was reached at failure of the concrete shell; no second 
maximum load was developed. 

After failure of the shell, all eecentrically loaded spiral columns developed 
extremely large deflections without serious decreases in load capacity, since 
the spirals prevented buckling of the compression reinforcement and crushing 


of the concrete core. Regardless of the amount of eccentricity of load, the spiral 


columns appeared to possess great toughness. 


Inelastic flexural theory 

The theory presented rests on such general assumptions that the behavior 
of the test columns may be predicted from the smallest loads to failure, inelud- 
ing the mode of failure. The average ratio of measured to predicted ultimate 
loads for all test columns was 1.012, the standard deviation of the ratio being 
0.058. Some of the equations developed, such as Eq. 6 to 8, may be suitable for 
design. The major value of the theory presented, however, may be to serve as 
a basis in developing approximations suitable for design and extending the 
range of such approximations beyond the limitations of existing test data. 
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Discussion of a paper by Eivind Hognestad: 


Inelastic Behavior in Tests of Eccentrically Loaded 
Short Reinforced Concrete Columns 


;. ANDER 


The paper presents an excellent study of the effect of combined bending 
and axial load on reinforced concrete members. These tests point out again 
the inadequacies of the present straight line design theory and help confirm 
previous investigations which showed that the results obtained by the straight 
line design method often do not even remotely indicate the actual capacity 
of such members 

The results of the tests are not startling for, as the author pointed out in 
his review of ultimate strength design methods, the formulas developed to 
suit these particular tests consider almost the same stress-strain assumptions, 
behavior of compression steel, amount of total strain, and quantitatively 
provide almost identical ultimate strength design equations as were anticl- 
pated by c. BS. Whitney in 1937. Plots of the author’s test data against the 
ultimate strength of the same members predicted by Whitney's formulas are 
shown in Fig. A through D. These show that Whitney's predictions of 
member capacity and the author's experimental results agree uniformly well 
except for minor differences due mainly to an adjustment which makes the 
calculated load agree with the factor of safety provided in the ACT Code for 


columns without flexural stress. The greatest discrepancy between calculated 


and observed values could he adjusted bv nm minor correction. ol just one 


term in Whitney’s basic equations 

Besides describing test observations and studying previous expressions 
for the ultimate strength capacity of members, the author proposes a general 
flexural theory for predicting ultimate strength based on strain in the con- 
crete. The question then arises as to whether this proposed method would 
be of limited usefulness as the strain depends on other things than the 
amount of load, being a function of rate of loading, the duration of the load 
and other factors. Equal strains can be obtained by small loads of long 
duration or more intense loads of shorter duration 

The assumption that general slip does not occur might be questioned, 
for while slip may have little effect on the caleulated ultimate trength ol 
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Fig. A—Test results versus theory for square tied columns, symmetrical steel 


a member, it would affect the strains and interpretations based on strain. 
Recent tests by Washa and Fluck indicate that an appreciable deflec- 
tion of the members, hence change in strain’ relationship, may occur 
due to slip and the proportional effect of slip on the total strain of slender 
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Fig. B—Test results versus theory for square tied columns, symmetrical steel 


members may be appreciable. The quantitative effect of such slip would 
be difficult to evaluate as it would be a function of the size of the member. 
Slip of bars subject to reversed moments on either side of connecting members 
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Fig. C—Test results versus theory for square tied columns, unsymmetrical steel 


and the strain of prestressing are other cases which would not affect the 
calculated ultimate strength obtained from formulas such as Whitney’s but 
would presumably affect the behavior predicted by use of strains determined by 


observations on controlled members loaded at a given rate of loading. 
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Fig. D—Test results versus theory for round spiral columns 
It also would seem that the factor of safety criteria required, if ultimate 


strength design methods are adopted, would depend on other things than 
elastic strain at working loads. Presumably the required capacity, in view 
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of the variation of moment capacity with thrust, would depend on selecting 
the combination of loads and moment which would produce the most critical 
effect. For control at working loads it would depend on limiting cracking 
and deterioration of the member under normal working loads, a condition 
which depends on the shape of the member and the size, shape, and distri- 
bution of the reinforcement. For behavior of the member in the structure, 
the factor of safety might depend on the warp and deflections expected for 
given proportions, restraint, and reinforcement. All of these effects are 
determined by empirical rather than strain criteria. 


For the designer faced with the necessity of providing sound economical 
structures at a minimum design cost, the logic of ultimate strength methods 
are again shown by these tests. The method to be used in finding the ulti- 
mate stfength, however, should be as simple and general as possible. Un- 
questionably too much design involves assigning arbitrary loads to arbitrarily 
proportioned members and accepting the design as suitable as long as the 
stresses are within the limits specified by the code. Better and safer struc- 
tures might be produced if the arithmetic of design was so simple and easily 
visualized that the design effort could be concentrated on estimating the 
safety of the structure under all possible combinations of loads and in judg- 
ing the effect of different stiffness and proportions of the members on con- 
struction economy and architectural function. Whitney’s simplified assump- 
tions with the concept of the stress block do provide a means of analysis which 
can be visualized mentally either directly without the benefit of equations 
or by the use of ultimate strength curves developed from his equations as 
shown in Fig. E. Just one example of the many advantages available from 
such methods is as follows. 


Suppose a column is to be designed having a given moment and thrust, 
and assume in this design that a size was selected for the given load which 
would give a ratio of P/btf.’, or k in Fig. E of 0.1. To provide the given moment 
say equivalent to Ke/t in the same figure equal to 0.10, a steel percentage 
would be required to give a pym of 0.19 (p = 1.6 percent). From this design 
chart, which is similar to those checked by the author’s tests, it is evident 
that a more economical member could be provided which would provide 
the same safety for the given conditions. If the member thickness ¢ and area 
of steel is maintained but the area of the column is reduced to 50 percent, the 
eccentricity of the critical load at iailure will remain practically unchanged. 

The example compares two different members designed by the same ulti- 
mate strength method. If the present straight line method was used in the 
same example it would result in a much more exaggerated condition, would 
encourage the use of improper proportions, and would be entirely mislead- 
ing as to the safety of the member. The tests show that combined bending 
and direct stress can be carried by much smaller members than are required 
by the ACI Code which means the relative stiffness of columns to beams 


would drop appreciably, the moments would be reduced, and the members 
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Fig. E—Ultimate strength of rectangular section, symmetrically reinforced 


could be reduced in size again in a cyclic process. As reduced size in the 


columns is usually of paramount interest (frame action can be invited by 
intent if desired) the gain architecturally is again apparent 
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MER M. HADLEY * 


If acceptance of the ultimate theory of design entails belief that concrete, 
either plain or reinforced, flows plastically, or deforms inelastically, or creeps, 
or does anything of the sort to any appreciable extent in a brief period 
2 min., | hr, 24 hr, etc.—the writer is unable to accept it, and far from think- 
ing it “ripe for the specification form now,” does not believe it is now or ever 
will be ready 

This disbelief may appear most brash and flagrant, but the experience of 
having viewed critically the developments in a dozen plain concrete cylinders 
so tested as to hold together—or to fly asunder—in ‘the plastic range,” 
coupled with an inability to see how the inclusion of reinforcement alters the 
physical character of concrete in the slightest degree, makes this opinion 
unavoidable 

It is true that the author’s subject is reinforced concrete, not unreinforced, 
and the writer is quite willing to recognize that incorporated reinforcement 
greatly improves on aggregate interlock in holding fractured concrete frag- 
ments in intimate contact with one another. The “toughness” of spiral 
columns on which the author and many another writer has commented is 
but the logical result of the close confinement and restraint which that type 
of reinforcement imposes on the core material, particularly after shattering 
and fragmentation has occurred. Undoubtedly a cage of reinforcement 
consisting of vertical steel bars wrapped in closely spaced spiral and snugly 
filled with graded gravel or tightly nested crushed rock would carry consider- 
able load and display remarkable toughness. However, who would attribute 
this fact or unit deformations of 0.0038 in. per in. to plasticity, or to in- 
elasticity, or to creep, or to anything but to displacement and perhaps 
additionally to crushing of edges and surfaces? 

Consider the stress-strain curves of Fig. 3. They are for 3 x 6-in. unrein- 
forced concrete cylinders, but curves for standard 6 x 12-in. cylinders would 
be no different in essential form. And what do these curves have to tell? 
As far as any indication to the contrary is concerned, they say that concrete 
under a strain of 0.009 or 0.010 percent is just as sound and good as it was 
initially when under a strain of 0.0005 percent. 


What is actually presented is a true and authentic record of stresses and 
strains, but this record is of a material which, sound and integral at the 
outset, undergoes a gradual structural breakdown and disintegration and 
at the ultimate last stages is simply a mass of fragments held together by 
shape, friction, and aggregate interlock. Another reason for its holding 
together is because no one has given it a gentle kick or a light blow with a 
hammer. Anyone possessing a copy of Laboratory Report No. SP-12, Engi- 
neering and Geological Control and Research Division, Branch of Design 
and Construction, U. S.. Bureau of Reclamation, Mar. 7, 1947, and referring 


to Fig. 4 and 5 thereof, will see two most excellent views of cylinders that 


*Consulting Engineer, Seattle, Wash 
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have undergone large strains. Fig. 5 shows a cylinder “after undergoing 
strain of about 0.009 in. per in.” It is well worth looking at, particularly 
by any and all who have tales of “plastic’’ or “inelastic’’ deformations to 
tell. Or, if this bulletin is not available a similar cylinder may be seen in the 
ACI Journat of November, 1950, p. 259. 

Such, then, is the condition of the concrete at the outer reaches of these 
hig. 3 curves. At their outset this same concrete was a thoroughly sound 
and reliable material. In the intermediate reaches of these curves it gradu- 
ally failed and broke down and came apart. Minute shear failures, minute 
bond failures, and minute crushings here and there throughout the specimens 
occurred and their cumulative effect was structural worthlessness. 

Precisely where this deterioration, beginning at the point of departure 
from the initially straight stress-strain curve, becomes serious is not a matter 
of great consequence. Certainly it is somewhere to the left of the points ol 
maximum stress and maximum load. Neither is it important that for a 
considerable distance to the right of the maximum point neither cracking 
nor dilation are visibly observable. But it assuredly would be a wholesome 
and refreshing thing for all concerned to adopt the maximum load point as 
the point of concrete’s critical value, to scrap everything to the right thereof, 
and to cease and desist from wonder tales about this further zone. All one 
would have to do with cylinders strained to 0.0038 in. per in. to have them 
fly to bits would be to give them a sudden small increment of load in the 
testing machine. Why then such effort to impart structural significance to 
structural worthlessness? If anyone doubts the structural worthlessness, 
let him produce the evidence and proof that it is non-existent. Otherwise 
stated, let him produce proof not assumptions of the existence of 
“inelasticity” or of “plasticity.” 

The preceding remarks apply to plain unreinforced concrete; reinforced 
as in a tied column, a certain confinement and restraint from normal behavior 
would be imposed upon it; reinforced as in a spiralled column, it would have 
a much greater restraint and confinement; reinforced by a complete encasing 
shell as in a concrete filled steel pipe column, it would have maximum re- 
straint against cracking—and would have maximum strength. These are 
definite facts and are to be recognized by everyone; !et’s recognize them and 
be done with it—without mystery. Does the incorporation of steel rein- 
forcement without any known chemical interactions alter the physical 
characteristics of concrete? 

For many years the writer has deemed it important to note carefully the 
basic assumptions from which engineering theories or engineering reports 
have been developed. Likewise ever since first viewing Fig. | in Whitney's 
paper, “Plastic Theory of Reinforced Concrete Design,’’* he has been greatly 
interested in such curves and has been at pains to learn what he could about 


them. In the present case the author’s basic assumptions are gently and 


soothingly set forth as follows: ‘‘The successful application to metals of 


*Transactions, American Society of Civil Engineers, V. 107, 1942, p. 251 
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the thesis that the stress-s train relation is independent of the strain gradient 
does not prove that the thesis is strictly applicable to concrete. It is believed, 
however, that the general characteristics of the stress-strain relation for con- 
crete in compression as indicated i» Fig. 3 are applicable to flexure. Hence, 
the relation shown in Fig. 4 was adopted for the present analysis.’” And 
Fig. 3 is captioned “Fig. 3—Test of 3 x 6-in. cylinders (Bureau of Recla- 
mation).”” The Bureau of Reclamation is a great government agency famed 
for its thoroughness and conservatism. Say no more, then: the curve of 
Fig. 4 is established. 

Nevertheless, to the writer the curves of Fig. 3 have the same appearance 
as other curves of this sort have when the gaping cracks and bulging diameters 
of the outer reaches of “the plastic range’? are remembered. And so he sought 
further information about them. The Bureau of Reclamation’s Concrete 
Manual, an excellent small volume that sets forth the Bureau’s knowledge and 
experience concerning concrete, does not, however, refer to these tests. Then 


looking in Laboratory Report No. SP-12 previously referred to he found its 


Fig. 8 whose three curves bear a striking resemblance to those of the present 
Fig. 3. The Fig. 8 curves, from bottom upward, are marked “9 days,” ‘13 
days,” “41 days,” and are captioned as follows: “Fig. 8—Influence of age 
on stress-strain curves.”’ Each curve represents the loading of a single 3 x 6-in. 
cylinder under no restraint. Loading time for ages 9 to 13 days was 15 
minutes. Loading time for age 41 days was 50 minutes.” 

Should it be that the Fig. 8 curves do indeed present the “test of 3 x 6-in. 
cylinders (Bureau of Reclamation)’’ and therefore constitute the basis of 
“the present analysis,” the writer would then observe that in nonacademic, 
nonlaboratory circles three 3 x 6-in. cylinders would scarcely be regarded as 
constituting an adequate foundation for much of a superstructure, particu- 
larly when two of the little cylinders are of a tender age. As the theoretical 
basis for design in reinforced concrete, the writer can only regard them as 
wholly inadequate. 

In conclusion the writer would restate his views: 

(a) Concrete for the brief periods involved in ordinary, normal testing is 
brittle, not plastic or inelastic. 

(b) Considering the structural worthlessness of concrete beyond the 
maximum point, the practice of laboratories of presenting stress-strain 
relationships in this region without clearly stating the structural worthlessness 
of such concrete should be discontinued. 

(¢) Structural theories which postulate sound, integral concrete beyond 
the maximum point are highly questionable. 


By STEPHEN REVESZ* 


The writer would like to refer to Fig. 5 and the statement on p. 123 that 
earlier findings (of ultimate fiber strain in compression) are very different 
In addition to the reasons for the difference suggested by the author, 


*Structural Engineer, Birmingham, England 
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Fig. F—Strain diagrams plotted from Imperial College tests 


it seems possible that the presence of compression reinforcement in his test 
specimens affected the e, observations. The curves showing findings of 
other research workers may represent results of tests on beams without 
compression steel. In tests made on about 40 beams at Imperial College, 
London, England, no reinforcement was used in the compression zone, and 
e, values of 0.2 to 0.4 percent were observed. (Cylinder strength of the 
concrete in the beams was 4000-6000 psi.) In most of these tests the gage 
length was 8 in. On one beam, four 2-in. gage lengths were used within the 
main 8-in. gage length, but the variation of strains within the compression 
zone was small. It so happened that two cracks occurred within the 8-in 
gage length, so that the strain readings in the tensile zone reflect this fact. 
Two of the 2-in. gage strain diagrams indicate a zero reading at the soffit 
but the other two diagrams indicate strains which were greater than the 
instrument could record. The 8-in. gage length strain diagram, which rep- 
resented the mean of the four intermediate 2-in. gages, indicated a straight 
line distribution along the depth of the beam as suggested by the author 
(Fig. F). 

It would appear from the author’s tests, that even a small percentage of 
compression steel (group I) assists the concrete to sustain greater ultimate 
fiber strains in compression. It would be interesting to establish the minimum 


quantity of steel (longitudinal and transverse) which would effectively 
increase é, before crushing of the concrete. 


AUTHOR'S CLOSURE 


In the preparation of this paper, it was found desirable to limit its scope: 
“It is the object of this paper to describe test observations regarding the 
basic behavior of reinforced concrete members subject to combined bending 
and axial load and to express this behavior, as far as possible, in mathematical 
terms.”’ In accord with this statement, the results of a particular experi- 
mental investigation and an interpretation thereof were presented; design 
problems, consideration of which must involve judgment and opinion in 
addition to test findings, were not discussed. 

Nevertheless, Mr. Anderson’s reference to design problems in his discussion 
is entirely in order, and the author is in general agreement with his statements. 
Whitney’s methods were referred to briefly in the paper. In the detailed re- 
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port of this column investigation,* Whitney’s methods were compared to the 
test results and were found to be “reasonably accurate within the scope of the 
present tests.” However, inasmuch as Whitney’s design methods are not in- 
tended to predict behavior, they cannot conveniently be used to study prob- 
lems in which deformations are important, such as the strength of long columns. 
As Mr. Anderson points out, the test findings reported ‘were anticipated 
by Whitney in 1937.” It may also be mentioned that Whitney’s findings 
in turn were anticipated by A. Brandtzaeg in 1935, and that the rectangular 
stress-block was used by Professor EK. Suenson in 1912 and by four other 
writers between 1933 and 1936. 

The nucleus of Mr. Anderson’s further discussion appears to be that the 
ultimate strength of an eccentrically loaded column failing in compression 
depends on the concrete strain, which in turn depends on time, slip, and other 
variables not involved in a short-time test. This is indeed fundamentally 
true, and this difficulty cannot be by-passed by introducing for the ultimate 
load some empirical expression not including an ultimate strain. Only further 
experimental and analytical research can clarify these problems, and ultimate 
strains are probably the key to a successful solution. 

Mr. Anderson has considerable experience in practical ultimate strength 
design, and he can accordingly discuss the practical problems involved on 
the basis of personal perception. Economy and structural layout are funda- 
mentally at least as important as the mechanics of the strength design. 
Strength is “essential,” but otherwise “unimportant.’’ Simple design methods 
are therefore desirable, and Whitney’s methods may wisely be considered as 
good design tools. Complex theories more closely in accord with the involved 
actual behavior of reinforced concrete will nevertheless be needed to further 
our general knowledge and to improve or evaluate such simple design 
approximations. 

Almost every development in concrete and reinforced concrete technology 
has had its critics. Such critics have argued that vertical stirrups are useless 
as web reinforcement, that tied columns are unsuitable to carry load, that 
air entrainment is a mistake, and that prestressed concrete is a fad that 
cannot last. A few past critics have turned progress back from what later 
turned out to be a sidetrack, others have been forgotten. In any case, the 
indirect contribution to progress has been and always will be an important 
one. 

Mr. Hadley chooses to express, in a vein tending toward ridicule, certain 
views regarding a question he has propounded on previous occasions: when 
does concrete become “discrete”? That is an intriguing topic, but perhaps 
it has more to do with semantics than with the performance of reinforced 
concrete members. The view that ultimate strength theories are not now 
nor ever will be ready for use seems to reflect the philosophy of refusing to 
consider ultimate strength theories because structures are designed to stand 


*Hognestad, E., “A Study of Combined Bending and Axial Load in Reinforced Concrete Members,"’ Bulletin 
No. 399, University of Illinois Pingineering Experiment Station, Urbana, Ill, Nov. 1951, 128 pp. 
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Fig. G—Ultimate strains in flexure, members with and without compression reinforcement 


up, not to fall down. The author trusts that we all design on that principle, 
but to some of us it appears rather important to know how the structure 
would fail in case it were sufficiently overloaded, and what forces would be 
required to make it fail. It seems unlikely that we can reach that under- 
standing by putting our heads in the sand as soon as working stresses are 
exceeded. 

The information given by Mr. Revesz regarding beam tests at the Imperial 
College is interesting. A similar variation of strain with the gage length used 
was observed in these column tests, and such findings were reported in Bulletin 
No. 399 referred to earlier. The author believes strains over a length of the 
same order of magnitude as the dimensions of a beam cross section are 
significant in a flexural analysis. 

Further measurements of ultimate concrete strains were made at the 
University of Illinois during 1952.* These findings have been plotted in 
Fig. G together with the values from the column tests. Mr. Gaston measured 
strains over a 6-in. gage length in reinforced concrete beams with and with- 
out compression reinforcement. Mr. Billet reported average ultimate strains 
over 24-in. in bonded prestressed reinforced concrete beams without com- 


pression reinforcement. Fig. G indicates no clear effect of compression rein- 
forcement on the magnitude of the ultimate strains. The values reported 
by Billet are relatively low, probably owing to the 24-in. average used rather 


than the lack of compression reinforcement. The author believes, therefore, 
*Gaston, J. R., MS Thesis, 1952; Billet, D. F., MS Thesis, 1953; both Department of Civil I 


ngineering, 
University of Illinois, Urbana. 
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that ultimate concrete flexural strains are greater than the strains ¢, corre- 
sponding to the maximum load of a cylinder regardless of the quantity of 
compression reinforcement involved. In his interpretation this phenomenon 
of increased ultimate strains is the result of an inelastic redistribution of 
stress from highly strained material to less strained material closer to the 


neutral axis. 








Title No. 49-11 


Instrumentation and Strain Measurement in Welded 
Wire Fabric Reinforced Concrete Slabs* 


By E. W. CARLTON and J. H. SENNET 


SYNOPSIS 


A study of the stress distribution and proper spacing of longitudinal and 
transverse wires in welded wire fabric. Discussed is the development of a weld 
tester, to be used as a production control in the manufacture of wire fabric and 
as an acceptance standard by users of the product. A technique for attaching 
SR-4 strain gages to wire reinforcement is introduced. Charts are included to 
show results of tests together with discussion and conclusions 


INTRODUCTION 


The main objectives of the research program sponsored by the Wire Rein- 
forcing Institute to investigate the properties of welded wire reinforcing are 
to determine the working stresses that can be safely recommended for welded 
wire fabric both in bond and tension, together with the proper spacing and 
relative gage combinations of longitudinal and transverse wires. 

The object of the first series of studies at the Missouri School of Mines and 
Metallurgy was twofold, to determine the effect on bond of varying the length 
of embedments, and the mechanical anchorage value of transverse wires in 
welded wire fabric. The results of these bond studies along the longitudinal 
wires showed unit bond stresses of about 200 psi, which is very low when com- 
pared to the ultimate strength of the wire. The tests on mechanical anchorage 
of the welds were made by embedding a longitudinal and transverse wire in a 
standard concrete cylinder, the longitudinal wires being greased so that only 
the anchorage of the weld would be involved. The conclusions from these tests 
were that the longitudinal wires did not slip until the welds failed in shear. In 
addition, good welds gave an anchorage value of about 90 percent of the tensile 
strength of the wire. 

A second series of similar tests, except that the bond on the longitudinal 
wires was not released, definitely indicated that the combination of longitudinal 
wire bond and weld anchorage was considerably greater than the tensile 
strength of the longitudinal wire. 

A third series of investigations was a preliminary attempt to determine the 
crack control properties of welded wire fabric. A number of concrete beams 
were made, each containing a single longitudinal wire with short transverse 


*Presented at the ACI St. Louis Regional Meeting, St. Louis, Mo., Oct. 30, 1951. Title No. 49-11 is a part of 
copyrighted JouRNAL OF THE AMERICAN Concrete INstiTuTE, V. 24, No. 2, Oct. 1952, Proceedings V. 49. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than 
Feb. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tProfessor and Assistant Professor, respectively, Department of Civil Engineering, Missouri School of Mines 
and Metallurgy, Rolla, Mo 
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Fig. 1—Carlton-Kilpatrick weld tester 


wires welded at various spacings. Each beam was divided in the center so 
that crack openings could be measured at that point. Test beams reinforced 
with No. 2 longitudinal and No. 4 transverse wires appeared to be the best 
combination for controlling crack openings. 


DEVELOPMENT OF WELD TESTER 


All these investigations indicated a wide variation in strength of welds. 
Therefore, to increase the uniformity of welds and welding technique of wire 
fabric, a special weld tester was developed in 1950. The weld tester (Fig. 1) 
practically eliminates eccentricity of pull and prevents possible rotation of the 
transverse wire in the wire sample, with the result that the actual shearing 
value of the weld is obtained when testing a specimen to failure. Results ob- 
tained with the weld tester give lower values than tests obtained by direct 


pull-outs in concrete. This is because in the concrete specimen the surrounding 
concrete holds the wires in their original position even though the weld has 
failed in shear. Since the wires are mutually embedded during the welding 
process it tends to prevent slipping of the crosswire along the longitudinal wire. 
This added mechanical bond due to wire embedment plus the anchorage of 
the welded cross wire is greater than the weld strength of the wires alone. 


MATERIALS USED IN TEST SLABS 


Reinforcement 
This investigation consisted of tests on nine 4 x 36 x 66-in. slabs reinforced 
with welded wire fabric. A typical slab is shown in Fig. 2. Three slabs of each 


TABLE 1—REINFORCEMENT IN TEST SLABS* 


No. of Longitudinal Wire Transverse Wire 
Series tests spacing, in. diam., in. spacing, in. diam., in. 


3 6 0.2495 y 0.2495 
: 3 6 0.2495 12 0.227 
K 3 


4 0.2495 8 0.2495 


« 


*To distinguish tests in each series, letter designations are assigned. For example, Series | slabs are 1-A, 1-B, 
and 1-C 
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SIDE VIEW 


Fig. 2—Detail of test slab 


series were reinforced as stated in Table 1. Table 2 shows data on tests of the 
welds in the fabric. 


Concrete 

The concrete was made from materials conforming to ASTM standards. 
The average 28-day compressive strength was 3700 psi. 
SR-4 strain gages 

Seventeen SR-4 strain gages were used on each slab of Series 1 and 2, and 
23 on each of the Series 3 slabs. A-7 SR-4 strain gages were used throughout 
these tests. This size was chosen because of its small gage length and minimum 


trim width, 144 and % in. respectively, which were necessary in bonding to 
0.2495 and 0.227-in. wire. 


APPLICATION OF STRAIN GAGES 
Method of application 


Before cementing the SR-4 gages to the small diameter wire the wire was 
carefully sanded with 000 sandpaper. The gage was molded to the curvature 
of the wire by a small curved clamp lined with '4-in. sponge rubber (Fig. 3). 


The gage was then cemented to the reinforcement, using a similar clamp and 
Duco cement. Initially some gages short-circuited to the reinforcement. The 
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TABLE 2—WELD TEST DATA—AVERAGE OF NINE TESTS* 
Diameter of . 
wire, in. Ulti- Ulti- Micrometer | Sum of | Depth of | Depth of weld 
- mate, mate, reading at | wire | weld, B, | _ B x 100 
Longi- | Trans- Ib. psi weld, in. | diameters, in. i 


tudinal | verse D, in. percent 


Using Carlton-Kilpatrick weld tester 


0.2495 | 0.2495 | 2713 55,450 | 0.451 0.499 0.048 
0.2495 | 0.227 | 3093 63,200 | 0.430 0.475 0.045 


Minimum values 


0.2495 | 0.2495 2180 44,600 0.457 | 0.499 0.042 
0.2495 | 0.227 2900 59,200 0.438 | 0.475 0.037 


Maximum values 


0.2495 | 0.2495 3700 75,600 0.451 0.499 0.048 
0.2495 | 0.227 33500 67,300 0.426 0.475 0.049 


*All welds failed in shear 


shorting was found to be in the gage lead wires and not in the grid itself and this 
was corrected by cementing a small piece of cigarette paper under the lead 
wires at the point where they were fastened to the grid. 
Waterproofing 
Several types of .2terproofing were tested by immersing two wires, their 
ends coated with the waterproofing material, in a solution of salt water. 
Although cerese wax was successful it was not adopted because of the danger 
of cracking the wax coating around the lead wires in placing concrete in the 
forms. Several types of plastic coatings were tried but all showed considerable 
leakage after several days of immersion. A synthetic rubber cement (3M Special 


Fig. 3—Molding an A-7 gage to the curvature of No. 2 wire. Clamp, also used when cementing, 
contains sponge rubber cushion for even pressure distribution. Gage resting on top of clamp shows 
the small 1/ x 14-in. grid of fine wires with lead wires attached 
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Fig. 4—Gages with lead wires at- 
tached and first coat of rubber 


cement 


Weather-strip Adhesive), the type of coating finally used, showed almost no 
leakage after immersion for six months, in addition to having the resilient 
properties of rubber. 


Before waterproofing the gages and after drying for at least five days, they 
were checked with a vacuum tube voltmeter for leakage and shorts. The gages 
were then given a preliminary coat of rubber cement and the lead wires taped 


and soldered. The gages were then given two heavy coats of rubber cement, 
wrapped with electrician’s rubber tape, and then given two more coats of 
rubber cement. Fig. 4 shows the gages installed. This method proved 
eminently satisfactory in the test slabs. 
Construction of loading cell 

The loading cell was constructed of 14-ST aluminum 0.986-in. in diameter 
and 2.6-in. long. Two A-7 strain gages were connected in series and placed 
opposite each other and parallel to the axis to balance any error due to eecen- 
tric loading of the cell. Two A-7 compensating gages were cemented to the cell 
opposite each, other, at right angles to the axis of the cylinder and connected 
in series. This increases the sensitivity of the cell because the active gages are 
compressed while the compensating gages, due to Poisson’s ratio, go into ten- 
sion. Aluminum was used because its modulus of elasticity is about 1/3 that 
of steel, therefore producing greater strains for a given load. The cell was then 
calibrated in a testing machine for load increments of 0.33 kip up to 10,000 Ib. 
With this cell, a load change of 12 lb caused a strain reading of 2 imicro-in. 
Calculations showed that this produced a strain in the slab gages of about 4 
micro-in. Since most readings were taken to the nearest 10 micro-in., this 
arrangement was deemed satisfactory. 


TEST PROCEDURE 


Tests were in two groups, the three slabs in Series 1 being concreted March 
14 and tested between April 12 and 19. This was done so that any improve- 
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Fig. 5—Test slab 1-C before start of test 


ments in procedure could be adopted in testing Series 2 and 3. Series 2 and 3 
slabs were concreted May 13 and tested between June 10 and 16. 


Method of loading 


The slab was tested by applying with an 8-ton hydraulic jack a concentrated 
load in its exact center. To prevent the center of the slab from deflecting more 
than the edges, load was transmitted to the slab through two 3-in. I-beams 
resting on 4 x 4 x 14-in. angles embedded in the conerete (Fig. 5). The load 
was measured by a loading cell containing strain gages placed between the top 
of the jack and the 4-in. I-beam. The cell was placed between Y%-in. lead 
sheets to give uniform bearings. 


Typical test 

After the slab was in position, the jack was centered and all strain gages 
connected to the strain indicator. Ames dials were placed at three points near 
the centerline of the slab to detect warping. Cracks at the centerline were 
measured with permanently mounted Ames dials, and any cracks occurring 
between plugs embedded at the base of the slab were measured with Ames 
dials. In Series 1 and 2 the strain gages were zeroed and an initial load of 2 
kips placed on the slab. The load was then returned to zero and the zero load 
readings of the gages noted. These readings varied between 200 and 300 micro- 
in. per in. and were due to relaxation of compressive stresses because of shrink- 
age of the concrete in curing. A second run was then made in increments of 
0.33 kip up to 2.67 kips. This was the calculated load to give 40,000 psi in the 





WELDED WIRE FABRIC REINFORCED CONCRETE SLABS 147 


most highly stressed wires. The load was then returned to zero, the zero load 
readings again noted, and the gages re-zeroed. This run was repeated and the 
gages again rechecked for zero. In no case did any cracks occur in the Series 1 
and 2 tests at this point. 

A final test was then made in increments of 0.67 kip and carried through to 
failure. Dial readings for deflection and crack openings were taken simultane- 
ously with strain gage readings. When approaching failure, whenever possible, 
the Ames dials measuring crack openings at the centerline were read continu- 
ously to obtain the maximum crack width before failure. Deflection was 
measured with a rule when it exceeded the 1-in. limit of the dial gages. The 
ultimate load and load at failure were recorded, and other readings taken 
whenever possible at these points. Zero readings usually were taken after 
failure of the slab. 

The procedure for Series 3 was identical to that for the first two series except 
that the slab was loaded in increments of 0.50 kip for all trials. 


INTERPRETATION OF DATA 

Fig. 6-11 were drawn from data obtained in these tests. Two graphs from 
each series were selected to show typical stress and crack distribution. In 
addition to the experimental curves in Fig. 6, 8, and 10 the calculated curves 
for the stress at the centerline and first transverse wire are shown as dashed 
lines. To avoid confusion, the calculated stress at the first transverse wire is 
shown only near the 4-kip load. Fig. 7, 9, and 11 show the deflection and 
crack openings for various loadings. These include all minor cracks observed, 
as well as that at the centerline. The calculated elongation of the wire was ob- 
tained by multiplying the distance between transverse wires by the observed 
strain reading, and is plotted at increments of 1 kip. All A and H/ gages are 
located near the centerline, while B ,C and D indicate gage positions between 
the transverse wires, starting from the spacing between the first and second 
and reading outward. 

All curves are the average of opposite crack openings unless the two measure- 
ments vary more than 0.004 in., in which case both curves have been plotted 


separately. The notation used is shown on the diagrams placed on the graphs. 


Discussion 

In Fig. 6, 8 and 10 the stress obtained by experiment is slightly lower than 
that obtained by calculation. This is probably due to slight mechanical bond 
along the wire preventing the strain at the centerline from completely reaching 
the gage. This is particularly true of the B longitudinal gages in which there is 
a very slow rise of stress due to the holding action of the transverse welds until 
cracking occurs at the transverse wire, causing a very sudden increase. However, 
even after this increase, the stress in the B gages is still well below that obtained 
by using the Concrete Formula. This discrepancy is roughly about 20,000 psi 
tension, which checks in general with the figure of 28,000 psi tension for 
direct pull-out of No. 2 wire at 6-in. embedment, since the effective distance of 
the gage from the crack in the authors’ tests was about 4 in. 
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Stress increased little in the C longitudinal gages until the concrete had 
cracked at the first transverse wire. Similarly, no increase in stress in the D 
longitudinal gages was observed until cracking occurred at the second trans- 
verse wire. This indicates that although a small amount of stress goes beyond 
the first transverse weld prior to cracking, practically none travels beyond the 
second transverse weld. 

Very little stress was found to be present in the transverse wires. This was 
more or less expected since the load was distributed evenly across the centerline 
of the slabs. In the case of two-way support, however, stresses in this direction 
would be appreciable. 

No indication of shearing was found in any of the welds. Such failure would 
probably have caused an immediate stress in the longitudinal wire behind the 
weld and nearly equal to the stress in front. Examination of the most highly 
stressed welds of three slabs following failure showed them to be still in 
excellent condition. 

The crack data show that the crack openings between two transverse wires 
very nearly equal the transverse spacing multiplied by the strain gage reading 
for the wire. In Fig. 7, 9 and 11 this point is plotted at 1-kip intervals, and 
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is in close agreement with the centerline crack opening. Checks on some of the 
cracks occurring at the first transverse wires also verified this observation. In 
most cases, all cracks closed upon release of the load within the yield point. 
Occasionally an opening of 0.003 to 0.005 in. remained, even when the wire 
had not reached the proportional limit. It is very likely, however, that a few 
grains of sand were displaced upon cracking and prevented the crack from 
closing completely. 

Almost all the curves plotted for centerline crack opening and deflection 
show a slight change in slope or “hump” at the 2-kip load. This is probably 
due to the release of bond stresses along the wire. The average stress at this 
load is about 20,000 psi, which would again be in close agreement with Weinel’s 
pull-out data. 

RECOMMENDATIONS 

A comparison of slab Series 1 and 2 shows very little difference in stress 
distribution, load carrying capacity, deflection, or crack opening. Even Tests 
2-A and 2-C, which developed no crack openings, showed similar character- 
istics. This indicates that for slabs supported in one direction only, the 6 x 12 
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2/4 mesh is just as satisfactory as the 6 x 12—2/2 fabric. Additional tests 
might also show that other combinations such as 2/6 wires might also be used, 
since the problem seems largely a question of whether or not the welds in con- 
crete will give positive anchorage and develop the tensile strength of the wire. 

Tests on the 4 x 8—2/2 (Series 3) mesh indicated that while more cracks 
developed when using transverse wires more closely spaced, the openings were 
not as great. The results show that the crack opening is very nearly propor- 
tional to the transverse spacing of the wires. Thus for protected locations, 
where cracks might not be too critical, large transverse spacings could be used. 
In slabs subjected to severe punishment from repeated loading or freezing and 
thawing, cracks could be kept tightly closed through the use of closely spaced 
small transverse wires. 


SUMMARY 


1. The approximate relationship of the weld shear value of a wire sample, as found 
with the weld tester, to the interlock weld shear value plus bond of the longitudinal 
wire when embedded in a concrete slab was determined 

2. By means of the weld tester, it was determined that the minimum value from 
nine control shear tests of the fabric used in the slab studies was sufficient to develop 
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two-thirds the yield strength of the longitudinal wire involved. This indicates that the 
average shear values of welded wire fabric may be expected to furnish positive anchorage 
far in excess of the usable working stresses for the longitudinal wires in welded wire fabric. 

3. Anew and improved technique was developed for placing and waterproofing SR-4 
gages on small diameter wire. 

4. It was definitely proved that very little increase in stress occurred beyond the 
first weld on either side of the load until the concrete had cracked at the first transverse 
wire. Similarly, no increase in stress in the longitudinal wire was observed beyond the 
second transverse wire until cracking occurred at the second transverse wire. 

5. Examination of the crack control data reveals that the crack openings between 
any two transverse wires very nearly equal the transverse spacing multiplied by the 
strain-gage reading for the longitudinal wire. 

6. Closely-spaced small transverse wires definitely control transverse cracking. 

7. Two and possibly four gage differences in longitudinal and transverse wires may 
be used with equal effectiveness in developing the full allowable tensile working stress 
in the longitudinal wires. 

8. The high yield strength of cold-drawn wire, together with the positive anchorage 
of the cross wires make welded wire fabric an efficient reinforcement. In a properly 
designed reinforced concrete slab, welded wire fabric will reduce the size of any cracks 
that may develop and materially aid in controlling their distribution. 
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BY WAY OF SYNOPSIS 


Jacos Fe.p, Benct Friperc, and A. EF. CumMInGs discuss further the fire 


resistance of prestressed concrete. 


A prestressed concrete bridge in Ohio is described by Francisco J. Cordova. 
Use of bundled reinforcement is described by Homer M. Hap .ey. 
F. A. BLAKEY comments on the papers on ultimate load design which appear- 


ed in the June JoURNAL. 


Fire Resistance of Prestressed Concrete (LR 49-6) 


In a recent itemf on this subject the data 
given seems somewhat at variance with in- 
formation presented at the Prestressed Con- 
crete Congress in Ghent and the Building 
Research Congress in London, Sept. 1951. 

The Dutch test of a full scale beam under 
fire loads cited in both replies seems to be the 
preliminary report of the test program of G. 
Baar, reported as Paper B 06 in the Ghent 
Proceedings, copies of which are now available 
United States. The 
months old when tested; it was 38 ft long, 25 


in the beam was six 
in. deep and rejnforced with twenty-four 0.2- 
in. wires. The maximum temperature read 
1310 F at the lower flange, 450 to 520 
at cable level and 212 F at the top flange. 
these 


Mr. Baar in his summary states “com- 


was 


Under conditions the deflection was 
r.6in 
plete failure of prestressed concrete members 
is not to be expected in case of fire, but ex- 
cessive deflections are more likely to occur 


than in ordinary reinforced concrete struc- 


tures.””. The method used for prestressing 
the test beam is the Blaton-Magnel type, with 
all wires fully bonded and with a minimum 


concrete cover of 2 in. 


At. the 


presentation of the paper on “Research and 


London meeting, following the 


Development of Prestressed Concrete’ by 


A. R. Collins, the discussion by Lawson of 
the Fire Testing Station covering tests cn 
construction included the 


many types of 


statement: “Fire tests on various floor 
systems shows prestressed concrete to be 
very vulnerable and the temperature gradient 
causes irreversible changes and deflections.”’ 
Jacop Fex.p, Consulting 
Engineer, New York, N. Y. 


The news item in Concrete and Construc- 
tional Engineeringt fails to give factual in- 
which conclusions can be 


formation from 


drawn. There are apparent contradictions 
even within the short space of the few lines. 
The item refers to a three and one-half hour 
fire test and a maximum temperature at the 
bottom of the lower flange of 1590 F; it also 
refers to an additional deflection during the 
test of about 1 in., for the 38-ft span beam. 
These findings contain apparent contradic- 
tions. 


$y way of comparison, in American 


fire tests on concrete floor structures extend- 


*A part of copyrighted JourNaL or THE AMERICAN Concrete INatrrute, V. 24, No. 2, Oct. 1952, Proceedings 


V. 49. 
W. MeNichols Rd., Detroit 19, Mich 
tACI Journnar, May 1952, p. 786 


Separate prints of the entire Letters from Readers section are available at 


35 cents each Address 18263 
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ing up to 2 hours reinforcing members near 
the bottom of the concrete have a tempera- 
ture of 1000 F in tests made in accordance 
Any 


unless restrained in some ex- 


with normal American practice. con- 
crete member 
tremely unusual fashion not comprehensible 
heated 
above 1000 F and having at its top surface a 


structurally, if near its lower face 
substantially lower temperature, as would be 
normal, would have a deflection for a 38-ft 
span, not measured in fractions of an inch, but 
This deflec- 


from consideration 


measured in a number of inches. 
tion would derive merely 
of thermal differential elongation between the 
bottom of beam or slab and the top of the 
same structure and would be no reflection in 
find 
than no 


itself on structural 


performance. To 


« in. deflection means no more 


measurement at all. Assuming that the 14 


in. measurement was correct, the only con- 
clusion possible is that the slab was in no way 
tested as a representative fire test. Jt may 
have had a fire underneath it. ‘Temperatures 
the lower flange of 1600 F, at 


particular moment, may have been observed, 


below some 
but the beam could hardly have been sub- 


jected to representative fire test tempera- 
tures either for the time or the temperature 
supposed to have been reached. 
Benocr F. Frinera, Vice- 
President and General Man- 
ager, Granco Steel Products 
Co., Granite City, Il. 


The earlier discussion* was based in part 
on work by Dr. G. Baar which was reperted 
No. | 
which 


in the Belgium magazine Precontrainte, 
1951. 
appears on p. 46 of that issue, gives all the 


’ 


The synopsis quoted below, 


author’s conclusions: 

‘Reinforced concrete is highly fire-resistant, 
if the concrete is adequately proportioned, 
mixed and compacted, and if the concrete 
cover on the reinforcing bars is sufficiently 
thick. 

The 


resistance properties of prestressed concrete, 


author has investigated the _fire- 
a relative newcomer in the construction field. 
He first presents data, derived from earlier 
tests and from more recent complementary 
tests, on the variation of the cube strength and 
the modulus of elasticity of concrete with the 


The effect of temperatures 


temperature. 


*ACI JournNnaL, May 1952, p. 786. 
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ranging from 32 F to 1470 F on the tensile 
strength and the yield point of high strength 
steel is compared with their effect on the 
corresponding characteristics of mild steel. 

A test is then described, which was made 
on a six-months old beam, 38 ft long and 25 
cable 


diameter 


in. deep, prestressed by means of a 
made up ol 
This installed in a long 
furnace built of fire-brick and heated by 22 
gas injectors. 


twenty-four 0.2-in. 


wires. beam was 
A dozen small thermocouples 
placed in the mass and on the surface of the 
beam, served as thermometers. The speci- 


men carried concrete blocks the weight of 


which was equivalent to the design load 

An attempt was made, in vain, to bring 
about temperature variations in accordance 
with an international standard time-tem- 
perature diagram. 

The maximum temperature reached in the 
1310 F at the same time 
the temperatures at the cable level ranged 
150 F and 


flange was at 212 F. 


lower flange was 


between 520 F, while the upper 


Large deflections, up to 7.6 in. occurred 
during the test. 

When the specimen was examined after 
the test, no deformations or displacement 
observed of 
The 


damaged the ends on the cables; neither had 


were either the wires or the 


wedges. high temperatures had not 


they affected the quality of the wire steel. 
The author draws the following conclusions 


from this investigation: 


i. A 
grouting, 


2-in. concrete cover and proper 


as performed whensthe cables are 
of the Blaton-Magnel type, provide adequate 
protection for the cables at temperatures up 
to 1300-1475 F: 

2. The 


strength of high quality concrete appear to 


ultimaf® compressive and _ tensile 


decrease considerably when the concrete is 
exposed to high temperatures; 

3. The behavior of a specimen during the 
fire-resistance test is not a wholly dependable 
base for predicting the performance of a 
member of very different size; 

t. The 


fire-resistance depends to 


additional deflection due to the 
a large extent on 
the intensity of the load which the specimen 


is carrying during the tests; and 
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5. Complete failure of prestressed concrete 
members is not to be expected in case of fire, 
but excessive deflections are more likely to 


occur than in ordinary reinforced concrete 


structures.” 

tecently a 700-page book, Beton Precon- 
trainte, by Y. 
neer for the Freyssinet 


Guyon, Chief Designing Engi- 
group in Paris, has 
been published in French. 


book is devoted to the 


Chapter 5 of this 

resistance of pre- 
In this chapter Dr. 
Baar’s experiment is reviewed as well as the 
experiments made by the British. 


stressed concrete to fire. 


All of these experiments lead to the con- 
clusion that prestressed concrete can be de- 
stroved by fire provided the fire is hot enough 
and 


burns long enough. The same thing 


applies to normally reinforced concrete. On 
the other hand all of the experiments indicate 
that a sufficient 
reinforcement will 


amount of cover over the 


provide fire protection 
with either prestressed or ordinary reinforced 
concrete. In addition to the fact that the high 
strength steels used for prestressed concrete 
ure more sensitive to high temperature than 
that 


stressed concrete attempts to save concrete 


ordinary steels, there is the fact pre- 


and steel in its designs. In an effort to save 
concrete there may be a tendency to use less 
cover on prestressed concrete members than 
would be the case with ordinary reinforced 
concrete. 
A. Ek. Cumminas, Chairman, 
Committee 323, Prestressed 
teinforced Concrete 


Ohio's First Prestressed Bridge (LR 49-7) 


On July 29, 1952, 100 technicians en- 


gaged in various phases of concrete design 


ove! 


and construction gathered at Roseville, Ohio, 
to inspect the first 
bridge in that 
made under the auspices 
Cement Assn. and the bridge contracting 
firm, Wander and Mason, Inc., Zanesville 
and Worthington, Ohio. 


prestressed concrete 


state. The inspection was 


of the Portland 


Ohio's first prestressed concrete 
bridge, looking downstream 
Moxahala Creek, Roseville, Ohio 


Partial view of the bridge 


The bridge is over Moxahala Creek near 
toseville, about 10 miles south of Zanesville, 
Ohio. 
to the center line of the road and 
skewed 
The bridge consists of five spans, 
Each 


pre-tensioned 


At this point the creek flows oblique 
as a result 
the bridge is about 45° with the 
stream. 
13 ft 8 in. center-to-center of bearings. 
span 1s 


supported by nine 


beams, each has the following measurements: 
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Detailed view of a prestressed abutment 


Prestressed concrete beam ready 
positioned on the piers 


Completed span showing prestressed concrete 
— in position prior to the construction of 


Two prestressed concrete beams in final position 
on bridge pier 


Prestressed concrete beam held in specially 
built dollies ready for moving to bridge location 
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30 in. 
28 in. 


Height 

Top flange width 
Bottom width 
Web thickness 
Weight 


12 in. 
5 in. 


7 tons 


Each beam is prestressed by thirty-two 4- 
in. diameter 7-wire strands (AS & W) which 
are pre-tensioned to a stress of 160,000 psi. 
The concrete for the beams was air-entraining 
The maxi- 
The 
The 


approximate 7-day strength was 5000 psi, and 


containing 75 sacks per cu yd. 
mum size of the aggregate was % in. 
216 and 3 in. 


slump varied between 


the maximum concrete stress is 2000 psi (1600 
psi after losses). The accompanying figures 


show various stages of the bridge construction. 


“Bundled” Reinforcement (LR 49-8) 


The spacing of reinforcing bars in rein- 
forced concrete construction is a highly im- 
portant matter at all times but in narrow- 
stemmed concrete joists, cast in place, or in 
precast concrete members, it is of extreme 
importance, since size and weight are strongly 
affected by relatively small changes in dimen- 
sions. Present specifications not 


are un- 


reasonable when applied to average-sized 
beams and girders but the question can fairly 
be raised whether it is not possible to further 
and safely reduce spacing with resultant 
saving of material and weight. 

A dozen or more years ago the writer won- 
dered what the difference in performance 
would be between a beam reinforced with one 
l-in. square bar and a second beam reinforced 
with four 14-in. square bars wired together 
in a bundle. The cross-sectional areas would 
be the same, the outer surfaces at midspan 
would be the same, the single bar would have 
to be continuous from end to end, whereas in 
the case of the four bars, two of them could 


With 


two 4-in. square bars carried through to 


be stopped off as moment permitted. 


the ends, hooked, and being made of slightly 
unequal length so that the hooks did not 
eome exactly side by side, the same bond 
area would be obtained as in the case of the 
single 1-in. square bar. 


157 


Concrete for which 


the deck, had 


started at the time of inspection, will contain 


not 


6 plus sacks per cu yd of air-entraining ce- 
ment. The minimum 28-day 
pected will be 4000 psi. 


strength ex- 


Plans for the bridge were checked by the 
Bridge Bureau of the Ohio State Highway 
Alden E. Stilson 
Associates, Columbus, Ohio, Consulting Engi- 


Department and by and 
neers. 

Engineers present during this inspection 
came from Ohio, West Virginia, Pennsylvania, 
Illinois, Indiana and Michigan. 

Francisco J. Corpova, Chief 
Soil Mechanics and Geology 
Section, Toledo Testing Lab- 
oratory, Toledo, Ohio 


Speculation led to the making and testing 
of four small beams, two of each kind. These 
tests are described in Civil Engineering, Feb. 
1941, pp. 90-93. 


stated that all beams failed by tension in the 


Summarized, it may be 
steel; that the 4-bar beams carried 7 percent 
more load than the single-bar beams; that 
the fines of the concrete mix penetrated and 
fully filled the narrow spaces between the 
bars caused by the lugs or deformations; 
that no signs of slippage or other weakness 
developed at the beam ends. 

Later two hollow precast beam sections 
having bundled reinforcement were tested* 
with perfectly satisfactory results and with- 
out any indications of weakness or trouble. 
The writer therefore concluded that the only 
thing wrong with “bundling” was that it was 
in violation of the spacing requirements of 
building and other codes which all too fre- 
quently are themselves in violation of the 
requirements of nature. 

At various times, therefore, he has designed 
beams with bundled reinforcement and can 
report no adverse developments of any kind 
Numerous cases arise where bundling would 
be very and 
Actually a 


considerable amount of unintended bundling 


desirable—in concrete joists 


precast sections for example 


has undoubtedly occurred in the past in all 


*Precast Box Beams for High Strength,"’ Engineering News-Record, Dec, 19, 1940, p. 8RS 
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TABLE 1—DETAILS OF BRIDGES IN WHICH BUNDLED REINFORCEMENT WAS USED 


| 
} 


Size of 
con- 

(State of Year crete 

Washing- built section, 
ton) in. 


| Location 


Bridge 


115 WhatcomCo = 1946 71x19 


15-Mile 


Creek King Co. 1949 $x24 


Tokul Creek, King Co. 1950 9x36 


485A King Co. 1950 9x36 


99C King Co. 1950 12x42 


301H King Co. 


Griffin Chelan Co. 


Lateral | Yakima Co. 


parts of the country in joists and beams in 
which the reinforcing bars have been in close 
contact with one another, despite contrary 
details and 


specifications. Probably in 


marine structures bundling would be em- 
ployed under the most adverse and question- 
able circumstances but elsewhere, and par- 
ticularly in building interiors, the writer 
would bundle reinforcement without hesita- 
tion. 

One of the first of these full scale uses is 
described in the ACI JournaL, Feb. 1941, 
Proc. V 37, p. 453. Table 1 lists bridge spans 
in which over a term of years the writer has 
used bundled The practice 
has the pragmatic sanction of wholly satis- 


reinforcement. 


factory use and service. 
In all cases tabulated the bars rest directly 
on top of one another vertically. In some 
with 
another horizontally, in others a small gap 
The 
short 


cases they are in direct contaci one 
them. 
length, the usually 
terminating in a hook where they stop off. 
In a number of cases the bottom bars are 
carried through at the 


occurs between bars are of 


varying ones 


supports into the 


Bars in bundle |C 


NNWAHN—-NNNWK KK NNN NNN ly 


~ 


t 


Span, ft 


Canti- 
lever 


temarks 


30 See Engineering 
News-Record, 
Apr. 1, 1948, p. 89. 


20, 24, 20 


15C, 55, 
15C 
15C, 60, See Western 
Construction, 
June, 1951, p. 89 


g-1In. @ 


14-in. 15C 
‘7 


15C, 70 
1L5C 


10C, 50 
L0C 


’ 


50 


adjoining spans or cantilever ends and serve 
as compression reinforcement at the supports. 
\ typical example of bundling is shown in 
Fig. 1. The two cross sections are of different 


beams, of course. 


In addition to the above bridges, a large 
number of precast units of channel section, 
4 ft wide, 20 ft long and 20 in. deep, having 
webs along both sides, designed by the writer, 
have been used in King County and other 
points in western Washington in the past 
two years. These precast units have webs 
6 in. wide, each of which is reinforced with 4 
bars in a tight bundle, 2 in the upper layer, 
2 in the lower. The upper bars are stopped 
off at two different points; the lower ones 
carry through to the end. All 
hooked. Over 50 small been 
built in King County with these units and 
probably 35 or 40 


bar S are 
spans have 


additional spans have 


been built elsewhere. Most of these are on 
secondary roads but the easterly approach 
to the Hood Canal ferry landing contains 
three 16-ft which 
heavy vehicles at times. 


spans carry extremely 


Of late years the California Highway De- 
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TYPICAL CROSS SECTIONS 


Fig. 1—Use of bundled reinforcement 


bundled 


this has 


partment has experimented with 


reinforcement. How extensively 
been done the writer does not know but he is 
that it 


because its use in 


confident has been done successfully 


simply Washington has 
been wholly successful. 

In the great Quitandinha Hotel in Brazil 
described by the late 
ing News-Record, Jan. 10, 


J. Bouse in Engineer- 
1946—-bundled 
100-ft rigid 
floors and a 


bars were used extensively in the 
that three 

the skating rink. 

One of the 


concrete 


frames Carry roof 
above 
worst handicaps under which 


labors is its own weight. It is this 


deadload which as spans lengthen and become 


increasingly great, finally destroys con- 


crete’s usefulness in a competitive world. In 


the use of precast beams or other precast 


members it is still the deadload that restricts 
‘I herefore, whatever 


and limits its usage 


can be done to eliminate unnecessary con- 


aug- 
Considerable  un- 


crete trom construction promotes and 


ments concrete’s use 


necessary concrete can be eliminated by 


bundling reinforcement 
Homer M. 


sulting 
Wash. 


Con- 
Seattle, 


HApDLEY, 
D ngineer, 


Comments on Symposium on Ultimate Load Design (LR 49-9) 


To those who like the writer have worked 
for the 
methods of design the 
published in the June 1952 ACI 


interest. 


development of ultimate strength 


collection of papers 


JOURNAL are 


of considerable 


Undoubtedly the most use ful purpose which 


this collection, and in particular the report 


by Professor Siess, serves to show is how very 
unbalanced the research work on the ultimate 


strength of concrete members has been. As 


stated in the summary of Professor Siess’ 


paper “Of these twenty-five combinations 


(of load ty pes) we have satisfactory ultimate 


strength theories, proved by tests, for only 


two, or In view 
of the 


reported such an 


; possibly three conditions.” 


thousands of tests which have heen 


ulmission reflects unfavor- 


ably on the direction of a great deal of re- 


search work, and the reluctance of design 


engineers In general to seccept ultimate 


strength methods with their attendant simpli- 
fications is scarcely to be wondered at 


This is particularly pertinent since the 


load 


stress methods of design is being raised 


question of ultimate versus working 


ngain 


in connection with prestressed concrete 


beams, and it would be a pity if time were 


wasted in a similar unbalanced development 
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of research on these members. 

The most important complex load condi- 
tion on which information on the behavior of 
beams at ultimate load is required is shear 
and moment. In the application of limit 
design procedures to rigid frames of steel! 
it has been found that this combination of 
loads may at times be critical. 

Professor Hognestad’s paper draws atten- 
to the fact that 
uncertainty in calculating the 


there is rather more 
ultimate 
strength of over-reinforced concrete beams 


tion 


than of under-reinforced ones. This problem, 
member 
would be extremely difficult to obtain in 
practice. 


however, is academic since such a 


Compression failures in the con- 
crete have been obtained in laboratory ex- 
periments on rectangular beams when due 
care may be taken to see that the concrete 
adequately surrounds the large amount of 
steel used, but it is hard to visualize such a 
case in practice where T- or L-beams are more 
frequent. In such sections, because of the 
flanges, the strength of the compression zone 
would be vastly increased and consequently 
a very much greater amount of steel than 
that used in a rectangular beam would be 
required to create the over-reinforced condi- 
tion. In passing, it is interesting to speculate 
whether the failure of an over-reinforced 
T-beam forming part of a complete reinforced 
concrete frame building with reinforced con- 
crete floors would be the same as that of an 
isolated T-beam as tested in the laboratory. 
Broadly 


may be divided into those in which the main 


speaking, structural problems 
requirement is strength, and those in which 
the main requirement is stiffness; that is, 
some limiting deflection is specified. It may 
be claimed that the use of working stresses 
and the design procedure based on them 
automatically limits the deflection, whereas 
with ultimate strength methods of design 
the deflection is not considered. Therefore, 


it becomes necessary to have a method of 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


October 1952 


calculating the deflection of reinforced con- 
crete members for occasions when this is the 
limiting factor. 

However, while fairly satisfactory methods 
exist?.* for the calculation of the deflection of 
simply supported reinforced concrete beams 
under ordinary transverse loads of short 
duration, the behavior under more complex 
loading conditions and prolonged loading 
ignored. 


If the use of ultimate load methods of design 


appears to have been completely 


can lead to thinner slabs than the current 


design procedure, as Mr. Reese’s paper shows, 


there is evidence *.° that a study of the long- 
term deflection of reinforced concrete slabs 


is vitally necessary. 
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of Significant Contributions in Foreign and Domestic Publications 


Bridge substructures built to fit site conditions on 
Pennsylvania Turnpike's western extension 
Cuarvtes W. Granacner, Civil Engineering, V. 21, 
No. 12, Dec. 1951, pp. 32-35 
Reviewed by Rospert E. Wipe 

Pier construction of two bridges on the 
western extension of Pennsylvania Turnpike 
is described briefly. 


Calculation of multistory frames by successive 
approximation (Berechnung der mehrstoeckigen 
Rahmen in schrittweiser Annaeherung) 

ViApIMIR Scnapoursky, Der Bauingenieur (Berlin), 


Apr. 1952, V. 27, No. 4, pp. 113-114 
Reviewed by Arnon L. Mirsky 
Another attempt at simplifying moment 
distribution for frames with sidesway. Pro- 
cedure involves displacing one story at a time. 
Author uses as illustration a 5-story, single- 
bay structure with horizontal forces applied 
at each floor level. 


Concrete aggregates 
S. L. Burns, The 
V. 35, No. 5, May 


Montreal), 


Engineering Journal 
1952, pp. 497-502 

Reviewed by Aron L. Mirsky 

Author discusses requirements for various 
aggregates (coarse, fine, gravel, and light- 
weight), and suggests both that specifications 
for a given project be written after investiga- 
tion of local sources of aggregate, and that 
requirements be interpreted with due con- 
sideration of all factors, rather than narrowly. 

Neither of these points is, of course, new; 
but both bear repetition. 


*A part of copyrighted JourRNAL OF THE AMERICAN Concrete InstiruTe, \ 
Address 18263 W. McNichols Rd., Detroit 19, Mich. 


V. 49. 
the book or article reviewed is in English. 


On the development of construction materials 

and elements (Zur Entwicklung der Baustoffe 

und Bavelemente) 

Orro Grar, Zeitschrift VDI (Duesseldorf), V. 94, No 

14/15, May 21, 1952, pp. 401-408 
Reviewed by 


Anon L. Mirsky 


Author reviews recent German advances 
in cement, plaster, concrete (including pave- 
ments, concrete blocks, ete.), reinforcement, 


and other construction materials. Docu- 
mentation to bring knowledge of these de- 
velopments to the attention of all is stressed; 


article includes a bibliography of 60 items. 


Lightweight building units of autoclave lime 
and siliceous material 


Extc Anustevt, Rock Products, V. 55, No. 6, 
1952, pp. 106-110 
Reviewed by 


June 


DonaLtp M. AGRIMSON 


International Ytong Co., Sweden, manu- 
factures aerated lightweight block and pre- 
The 


concrete is made of a silica-rich shale ash and 


cast floor, roof and insulation units. 


unslaked lime mixed in the proper propor- 
tions with aluminum powder or other foam- 
ing agent. Mixing is carefully controlled to 
produce a rather thin slurry which is put into 
After a 


certain time it is cut into block and slabs of 


molds where it rises and presets. 


desired dimensions. After cutting, the units 


are cured in autoclaves using saturated 


steam at approximately 143 psi. By varying 


the proportions of raw material, the final 
material can be made in different densities, 
varying from 25 to 44 lb per cu ft. 

24, No. 2, Oct. 1952, Proceedings 
Where the English title only is given in a review, 


If it is followed by a foreign title the work reviewed is in that language 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 


original article is indicated in parenthesis following the English title 


available through ACI. 
available, will be furnished by ACI on request 


In most cases they can be obtained direct from the original publishers 


Copies of articles or books reviewed are net 
Address, when 
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Influence of multiple-wheel undercarriages on 
the design and evaluation of airfield pavements 
Gururgie Srewart Cooper, Proceedings, Institution 
of Civil Engineers (London); Part II, June 1952 


V. 1, No. 2, pp. 419-460 (including discussion 
Reviewed by Aron L. Mirsky 


Paper discusses failure of pavements (both 
rigid and flexible), 
under multiple landing-gear wheels, and the 


interaction of stresses 
use of the “equivalent single wheel load”’ for 
the 


Author claims results by his methods are in 


design and evaluation of pavements. 


close agreement with values obtained by U.S. 
Corps of Engineers methods. 


The Royal Festival Hall, London 


D. H. New, The Reinforced Concrete Review (London), 
V. II, No. 7, Oct. 1951, pp. 400-406 


Reviewed by C. P. Sress 


Brief description of the design and con- 
the Royal Hall 
large reinforced audi- 


struction of Festival in 


London, au concrete 
torium with one baleony. The structure has 


several unique features, chiefly those re- 


quired to provide sound insulation. Con- 
crete was placed by pumping telerences are 
given to more detailed descriptions of this 


pre ject. 


Theory of cracking of reinforced concrete 
(Theorie de la fissuration des pieces en beton 
arme) 


L. P. Brice, Annales de l' Inatitut Technique du Batiment 
et des Travaux Publics (Paris), June 1952 


Reviewed by Paitur L. Mevvinwr 


It is first stated 
deformations, bond assumes the character of 


that “during nonelastic 


uniform friction in opposite direction to the 
movement of the steel in the concrete.” Then 
the spacing and width of cracks can be com- 
puted as a function of the section and the 


applied loads. Tests verified the theory. 


Is research in reinforced concrete adequate? 


ee 


1952, 


BLANKS, Civil Engineering, \ 
pp. 44-45 


No. 2, Feb 


99 


Reviewed by Ronert FE. Wins 


Brief 
carried out 


description of research projects 


Re- 


author 


under Reinforced Concrete 
Council The 


provoking 


search sponsorship. 


raises two thought problems: 
whether designers are making full use of 
research findings, and whether a good deal 
of isn’t 


searcher fails to comprehend the designer’s 


research misdirected because re- 


yroblems. 
I 


CONCRETE INSTITUTE October 1952 


Important developments in concrete for dams 
review 
T. V. D. Wooprorp, Civil Engineering, V. 22, 
Mar. 1952, pp. 28-31 

Reviewed by 


No. 3, 


Rosertr E. Witve 


and 
placing concrete for dams is reviewed briefly, 


Various developments in making 
including alkali-aggregate reaction, pozzolanic 
materials, air-entraining agents, prepacked 
concrete, artificial cooling, false set in port- 
land cement, and automatic control of con- 
sistency. Selected references, published in 
the United States, 1936-50, on concrete for 


dams are listed. 


Bridge on the Tanaro River at Castello 

D'Annone (Il ponte sul Tanaro a Castello 

D'Annone) 

Norzt, Giornale del Genio Civile 

10, Oct. 1950, pp. 563-566 
teviewed by GENNARO MIANULLI 


Livio 
No 


Rome), V 


RS 


Author describes the rebuilding of a new 
superstructure on existing piers and founda- 
The total length of the bridge is 18) 
There 
The construction is of mass concrete, 
filled with brick debris bound by cement. The 
analysis for this type of arch structure 


tions. 


m. are seven 21l-m continuous arch 


spans. 


and 
the economy of the construction is the main 
topic of the article. 


Atlantic Beach bridge supported on 90-ft piles 
weighing 30 tons 


Luoyp I 


Monroe and THomas C 
Engineering, 7 


No. 3, Mar. 
Reviewed by 


Barnett, Civil 
1952, pp. 48-50 
Rosert BE. Wipe 


Description of double-leaf bascule bridge 


153-ft 


the approaches consisted of 2 x 2-ft precast 


with main span. Substructure for 


concrete friction pile bents with batter piles 


in three bents. Some of the piles were 90 


ft long and weighed 30 tons. Ready-mixed 
concrete was used for the tremie seal on the 
bascule piers; a Pumpcrete machine was 
utilized for placing part of the concrete deck 


on the approaches. 


Changes in characteristics of portland cement 
as exhibited by laboratory tests over the period 
1904 to 1950 


H. F. GonnermMan and WuitiiaM 
Technical Publication No. 127, 


Special 


LERCH, 
5 $1.00 


ASTM, 56 pp., 
Part T of the paper describes the changes 


in composition, fineness, and = strength- 


producing characteristics of Type I portland 
cement as shown by laboratory tests over a 
period of 46 years. 
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Part DT 
strength-producing volume 
change, heat of hydration, and sulfate re 


includes composition, fineness, 


characteristics, 


sistance of the five types of portland cement 
covered by ASTM Specification C 150. 


Example of a reinforced concrete cantilever 
shell roof (Esempio di pensilina in volte sottile 
nel cemento armato) 

Atpo Favint, Giornale del Genio Civile (Rome), V. 88, 


No. 9, Sept. 1950, pp. 533-536 
Reviewed by GENNARO MIANULLI 
What can be done with reinforced concrete 
thin shell construction is shown on the photo- 
graph this 
example of daring modern architecture. Brief 


illustrating article—a perfect 
reference is made to the theory of shell design 
showing the peculiar manner in which the 
loads are resisted. Then, how this type of 
construction was adapted to an automobile 
To the article 


are added stress diagrams and details of the 


service station is described. 
shell reinforcement. 


Moving forms for concrete construction 


H. H. Brovcutron, The Reinforced Concrete Revieu 
(London), V. Il, No. 7, Oct. 1951, pp. 407-450 
Reviewed by C. P. 


SIESS 


The first part of this paper is an abridged 
version of a comprehensive paper on slip- 
form construction presented by the author 
in 1934. The the 


progress since that date. Items discussed are: 


second part describes 
yokes and jacks, leveling, suspension of forms, 
scaffold hangers, staves, deck, jack-rod spac- 
ing, buckling of jack-rods, jack-rod supports, 
filling, 
construction, plant 


locking, initial concreting, rate of 
layout, wall thickness, 
pilasters and cornices, and costs. Examples 
are given of applications to noncircular struc- 


tures. Several photographs are included. 


Precast reinforced concrete building frames 


KE. M. Rensaa, The Montreal), 
V. 35, No. 5, May 


Engineering Journal 
1952, pp. 477-482, 490 


teviewed by Aron L. Mirsky 


Article 


advantages of precasting and of continuity 


discusses advantages und = dis- 


between precast beams and columns, and 


briefly describes author’s joint detail, which 


involves lapping beam reinforcement and 


welding column bars. Author concludes that 


precasting is suitable and economical only 
for certain special conditions but that its use 


under those conditions may result in im- 


portant savings of time and money. 
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the 
which is well written and free of too much 


Reviewer is of opinion this article, 


obscuring technical detail, is valuable 


summary of the potentialities of precasting. 


Cylindrical reinforced 
Czech) 

K. Hrupan, Tecknicko-Vedecke 
Prague) 1951, 206 pp. 


shells (in 


concrete 


Nakladatelstvi, 


Reviewed by Ivan M. Vres7 


The author wrote this book to give the 
designer and the student a relatively simple 
procedure for the design of cylindrical shells. 
The book 


shells and parabolic shells 


consists of two parts: circular 
The beginning 
chapters of each part give the theory neces- 
the 


Then the theoretical equations are 


sary for gaining an understanding of 
subject. 
simplified into a form of design equations 
and the use of the latter is illustrated by 
numerical examples. Numerical tables of 
the 


design equations are given in an Appendix. 


coefficients needed in connection with 


Shrinkless and creepless concrete 
A. D. Ross, Civil Engineering and 
Revieu London), V. 46, No. 545, 


853-854 


Public Works 
Nov. 1951, pp. 


Reviewed by Cuartes W. Donn 


Shrinkage and creep can cause a slow 


relaxation of stress in prestressed concrete. 
This article describes pilot tests designed 
to produce, by initial desiccation, an expand- 
ing concrete in which, following immediate 
post-tensioning, the loss of prestress might 
sign. If 
a nonshrinking and creepless concrete could 


be minimized or even reversed in 


be produced on a practical scale then the 


necessity for very high steel stresses dis- 


appears and the use of medium or even mild 


steel becomes an important possibility. 


The fire resistance of prestressed concrete floors 
L. A. Asnton, Ciml Engineering and Public Worke 
Review (London), Part I, V. 46, No. 545, Nov. 1951, 
pp. 843-845;-Part II, V. 46, No. 546, Dee 1951, 
pp. 940-943 

Reviewed by 


CHarites W. Doun 


With the use of prestressed concrete tor 


many types of buildings appropriate fire 


The 


tests on 


resistance must be provided. results 


of standard fire-resistance seven 


types of floor construction using prestressed 


concrete members are summarized and 


tentative conclusions are presented. Given 
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normal plaster finishes, prestressed concrete 
floors can provide a sufficient degree of fire 
resistance for many purposes. For higher 
grades of fire resistance suspended ceilings 
of plaster on metal lath may be used. A 


bibliography is included. 


Reinforcement of circular slabs in two related 
directions (Die Bewehrung von Kreisplatten in 
zwei einander zugeordneten Richtungen) 

O, Jocxe., Beton-u. Stahibetonbau (Berlin), V. 46, No. 


5, May 1951, pp. 111-114 
Reviewed by Rupourn Fiscui 
In placing reinforcement in radial and 
tangential directions, there are difficulties 
in arranging the bars near the center. The 
idea of placing the reinforcement in two 
orthogonal not The 
solution by the equation of transformations 


directions is new. 
The author shows 
a simplified solution by using Mohr’s Circle 
with a 


is laborous and minute. 


and a 
Numerical exam- 
ples for slabs with free supported and fixed 


transformation 
straight-line interpolation. 


geometric 


edges, illustrated by reinforcing plans, con- 
clude the paper. 


New developments in concrete research 
(Nieuwe onderzoekingen op betongebied) 


Rosert L’Hermire, Cement (Amsterdam), No. 11-12, 
13-14, 1951, pp. 191-195, 224-227 


Reviewed by Joun W. T. Van Erp 


The author demonstrates that there is 
still to clarified before 
pletely understand concrete. 
program fresh 


at the author’s laboratory in Paris is de- 


much be we com- 
The research 
and hardened 


on concrete 


scribed. In the first group there are tests 
on concrete making, workability and vibra- 
tion, the second group investigates the re- 
lation between 
flexure 


tension and 
of the 
nondestructive 


compression, 
the determination 
modulus of elasticity, and 
testing methods. 


tests, 


The various special ap- 
paratus used in these tests are described. 


Deformations of reinforced concrete 
Arne I. Jounnson, Publications, V. 11, 
Association for Bridge and Structural 
Zurich, 1951, pp. 253-290 


International 
Engineering, 


Reviewed by C. P. Stress 


Describes analytical study of deformations 


in reinforced concrete members including 
prisms in tension, beams in flexure, and 
given for computing 


elongation of reinforcement, compression of 


slabs. Expressions 
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concrete, position of neutral axis, flexural 
rigidity, spacing and width of cracks. Effects 
of and 
loading studied analytically and experimen- 


creep shrinkage under long-time 
tally in relation to redistribution of moment 
in restrained beams. Three restrained beams 
tested to determine redistribution of moments 


both under sustained loading and at failure. 


The design of prestressed concrete beams for 
werking conditions 


P. W. Apeves, Concrete and Constructional Engineering 


(London), V. 47, No. 3, Mar. 1952, pp. 75-86 


Reviewed by GLENN MurRpHY 

The distribution of stresses in prestressed 
concrete beams at the time the compressive 
force is applied to the concrete and at work- 
The notation and 
general analysis is in accordance with the 
“First Prestressed 
issued by the Institute of Structural Engi- 


ing loads is considered. 


Report on Concrete” 


neers. The author discusses certain aspects 
of the requirements, points out how they 
should be interpreted and modified in certain 
of 


special cases, and presents a number 


practical examples. 


Increment of moments in arches (Buebruers 
tilleggsmomenter) 
A. AAs-JAKOBSEN, Betong (Stockholm), V. 37, 


No. 2, 
1952, pp. 95-118 
Reviewed by Ervinp HoaGnestap 


that the 
moments 


It is shown moment factor for 
is approximately inde- 
pendent of the rise of the arch and its rigidity. 
It is, therefore, convenient to compute the 


extreme 


with rise 
and constant rigidity, the eigen-values being 
those of the 
for the eigen-values are given considering 
variable rigidity and the manner in which 
loads transferred the arch. The 
shape of the arch is found to be of minor 
Initial 


moment factors for an arch zero 


real arch. Simple equations 


are to 


importance. eccentricities 


mentioned. 


are 


Three-story dwellings of ‘‘no-fines” concrete 

Concrete and Constructional Engineering 

V. 47, No. 4, Apr. 1952, pp. 123-124 
Reviewed by GLENN MurRpHY 


London), 


The first three-story building erected in 
England using no-fines concrete is described. 
The unit includes 18 dwellings and is part of 
a contract for 312 similar flats. 
that at 


The ag- 


gregate specification is least 95 





CURRENT REVIEWS 


percent pass a 34-in. sieve and not more than 
10 percent pass a %%-in. sieve. A water- 
cement ratio of 4144 to 41% gallons per ewt 
of cement The article states that 
very little rodding is necessary except to 


is used. 


push the concrete under windows and other 
openings. The no-fines concrete is used for 
the 9-in. and 12-in. load-bearing walls and 
for the floors. 


partitions. 


Clinker concrete is used for 


Development of lightweight precast concrete 
units in Europe 
F. O. AnpEeREGG, Rock Products, V. 55, No. 5, 
1952, pp. 131-139 

Reviewed by Donatp M. AGRIMSON 


Vay 


With wood and steel in very short supply 
in Europe, an excellent opportunity has been 
provided for the development of concrete 
The manufac- 
turing methods and construction techniques 
that important 
building industry of Europe. 


products. author describes 


play such an role in the 
This discussion 
reviews the manufacture of pumice block in 
Germany, production of foamed concrete in 
Denmark and England, manufacture of pre- 
cast specialties in Italy and Germany, pre- 
stressing in Switzerland, production of in- 
sulating board in Germany and Switzerland, 
and prefabrication in Germany. 


Further notes on the principles cnd design of 
prestressed concrete 
P. W. Apeves, Civil Engineering and Public Works 
Revieu London), V. 46, No. 544, Oct. 1951, pp. 
775-778; . 46, No. 545, Nov. 1951, pp. 860-864 
V. 47, No. 549, Mar. 1952, : 
550, Apr. 1952, pp. 318-321 

Reviewed by Cuartes W. Doun 


pp. 234-237; V. 47, No. 


This is the concluding series of the articles 
previously reviewed. The design of com- 
bined sections is discussed and examples 
presented. A worked example on composite 
floor joists is presented and the problem of 
statically indeterminate structures is con- 
Results of carried out 
since the publication of the first part of this 
series are summarized. 


sidered. research 

The pros and cons 
for pre-tensioning and post-tensioning are 
summarized and notes are given on design 
The 


improvements possible through further re- 


and types of construction of beams. 
search are analyzed. The series is accom- 
panied by an extensive bibliography and 
many examples of current practice are ex- 
plained with illustrations. 


165 


Temperature stresses in a T-section (Tempera- 
turspannungen im Plattenbalken) 


E. TremMe., Oesterreichische Bauzeitschrift (Vienna), 
’. 7, No. 1, Jan. 1952, pp. 1-5 


« f, avO 
Reviewed by Rupoiren Fiscuru 


In T-beam sections or in concrete slabs on 
steel beams, the linear temperature distri- 
bution will change between slab and beam, 
thus causing different 
stresses in these two parts. 


deformations and 
This paper deals with this self-stressing 
condition by with the 


indeterminate 


free supports and 


deformations in statically 
systems. 

The unknown moments and normal forces 
are readily determined by the conditions of 
equilibrium in those of 


connection with 


deformation and 
A numerical 


example for a T-beam concludes the paper. 


equal curvature 


elongations at the contact area. 


equal 


A method for testing of columns in reinforced 
concrete structures (in Czech) 


K. WartrzMann, Stavebni 
1951, V. 1, No. 24, pp 


prumysl (Prague Dec. 
553-556 
Reviewed by 


Ivan M. Viesr 


The method of nondestructive testing of 
columns in existing structures described by 


the author consists of application of a pres- 


sure of known magnitude to two opposite 
faces of a column in the direction perpendicu- 
lar to the column axis and of measuring the 
deformations of the concrete in the direction 
of the Modulus of 
concrete is determined 
and 
computed on the 
elasticity. 


pressure. elasticity of 


from the measured 


deformations correspording stresses 


basis of the theory of 


The strength of concrete is eval- 
uated from an experimental formula giving 


the relation between the modulus of elas- 


ticity and the strength of concrete. 


Kupolith, a porous concrete (Der Porenbeton 
Kupolith) 
A. ALTHAMMER, 


Betonstein-Zeitung 
V. 17, No. 8, Aug 


1951, pp. 186-187 
Reviewed by Rupotrs Fiscu. 


(Wiesbaden), 


Kupolith is a combined foam-gas concrete. 
The mixture, with swelling agents added, is 
placed in movable forms where the concrete 
stiff 
temperature. 


under a_ controlled 
After the material 
consistent enough, forms are removed and 
the block cut small blocks. 
These parts are then steam cured and, after 
a period of cooling, are taken outside to be 
stored or shipped. 


becomes room 


becomes 


into slabs or 
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The compressive strength of the stones 
with a weight of 600 to 700 kg per cu m is 
about 40 kg per sq em. Tests showed that 
the strength of a built-up wall was more 
than 80 percent of the strength of the single 


stone. 


New experimental studies on shrinkage of 
cement and concrete (Etudes experimentales 
recentes sur le retrait des ciments et des betons) 


R. L'Hermire and J. J. Gainvu, Annales de U' Institut 
Technique du Batiment et des Travaux Publics (Paris), 
Apr.-May, 1952 


Reviewed by Pattur L. MeLviLie 


After some five years of work it is con- 
cluded that water loss in concrete and cement 
pastes follows Fourrier’s law. Shrinkage of 
cement pastes is a function of the evaporated 
water and a time variable depending on the 
state of hydration. Concrete shrinkage 
varies with grading, composition and shrink- 
age of the cement paste. With an excess of 
water, and concrete will elongate 
Acceler- 


ators such as CaCl, will increase the ampli- 
tude of 


cement, 
according to a time logarithmic law 
early deformations, especially for 


cement paste. Cracking is a surface phe- 


nomenon and may be avoided by controlling 
moisture to avoid dessication. 


Concrete (Concreto)—V. 1 
Manvuet pe Hoyos Ronsves, Mexico, D. F., 


pp 


1951, 260 


Reviewed by Francisco J. Cornpova 


This volume is the first of a series of three 
dealing with the design of concrete structures. 
The 


first section deals with the design of concrete 


The text is divided into four sections. 


forms for various types of structural members 
The second treats the design of beams of 
rectangular cross section. The third section 
includes the design of T-beams and the last or 
fourth section is devoted to the design of 
The 


design is 


members with double reinforcement. 


plastic flow theory of concrete 


treated in detail. A new method of concrete 
design based on the elastic theory is exposed 
by the 


structural design are shown. 


author. Numerous examples on 
Stress diagrams 


and tables are shown throughout the text. 


Concrete (Concreto)—V. 2 
MANUEL pE Hoyos Rosies, Mexico, D. F., 
pp. 


1951, 261 


Reviewed by Francisco J, Cornpvova 


The second volume of the author’s series on 
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concrete deals with the various types of 


stresses in a beam such as shear and diagonal 
tension, variation of bending moment, bond, 
anchorage and torsion. European and 
and 


The 


second section shows the development of the 


fully described 


numerical design examples are shown. 


American criteria are 


various methods of design of a reinforced 


concrete beam, including cantilever and 
simply supported beams under various load- 
ing conditions. The third section deals with 
bond and anchorage. The design of rein- 
forcement is attained by the application of 
the “Mexican Method,” 


author and which is based on the criterion 


devised by the 


that bond stress is proportional to the moment 
For the 
reinforcement various 
based on the “Mexican Method” 
The author claims that in this way he elimi- 


increment. determination of the 


amount of formulas 


are applied. 


nates many of the specifications on reinforce- 
the Joint Standard 
Specifications for Concrete and Reinforced 
Concrete and of the 
Institute and 


ment of Committee on 


American Concrete 
as a result he obtains greater 
The remain- 
ing chapters are devoted to the design of a 


economy and increased safety. 


beam of rectangular cross section, a T-beam, 
and a marquee subjected to shearing and 
torsional stresses. 

Stress diagrams and numerical examples 
appear throughout the test. 


Cross method applied to plane structures (II 
metodo di Cross nella forma piu’ generale per 
le strutture piane) 

Strvio Cervi, Giornale Del 


Genio Civile 
950, pp. 596-600 
teviewed by GeNNARO MIANULLI 


Rome), 


V. 88, No. 10, Oct. 


In this article 


applied to multiple span structures. 


moment distribution is 
Cases 
treated are arch frames flanked by one or 
more lean-to’s on each side. This type of 
frame has previously been treated by Belluzzi 
and Pozzati; the latter’s article having been 
reviewed by the writer for the ACI JourRNAL. 

The 
for a rigid joint of fixed members the sum of 

=M, —ZH, 
fect restraint with opposite direction. 


procedure consists in substituting 
=V of the reactions for a per- 
This is 
known as the principle of equivalence and 
can be derived from the theory of the ellipse 
of elasticity. The quantities to be distributed 


and evaluated are —2.M, —ZH, and — ZV. 





CURRENT REVIEWS 


Computing densities and compositions in the 
manufacture of cellular concrete (Calcul des 
densites et des compositions dans la fabrication 
du beton cellulaire) 


A. Vernutst, Rerue des Materiaur de 
(Paris), No. 440, May 1952, pp. 144-8 
Reviewed by Puiu L. 


Construction 


MELVILLE 


Difficulties are encountered in measuring 
density of cellular concrete. It should be 
based on the computed volume of a cube 
and the oven dry weight (to constant weight). 
Part of the mixing water only is used to 
hydrate the cement and the water-fixation 
factor K is then defined as follows: the value 
“by which the weight of the cement, dry, 
must be multiplied to obtain its weight after 
fixation of the water of combination.”’ Com- 
position is a function of K, the water-cement 
ratio, the aggregate-cement ratio and the dry 
density. Knowing these relations, the 
quantities of cement needed and the specific 
gravity of the fresh concrete can be computed 
Further 
those quantities are de- 


as shown in numerical examples. 
relations between 


rived. 


Rubber and plastics factcry in reinforced con- 
crete 


Engineering (London), V. 
pp. 432, 437-440 


173, No. 4497, Apr. 4, 


1952, 


teviewed by Arnon L. Minsky 


This factory structure possesses numerous 
interesting uses of reinforced concrete, among 
which may be mentioned the domed roofs 
(9 domes, each 82 x 63 ft in plan with a rise 
of about 8 ft, thickness generally 3 in., each 
edge supported by a reinforced concrete 
bowstring truss and each corner supported 
columns); the barrel 
chord width of 
12 ft 9 in. and span of 44 ft 
10 with chord width of 30 ft and 


span of 63 ft 9 in.; one with chord width 


by slanting concrete 
vaulting (26 vaults with 
transverse 
716 in.; 
of 37 ft 7 in., 57 ft span, and 7 ft 2 in. rise); 
the entrance ramp (a trough-shaped beam, 
with the sides placed monolithically with 
the floor slab); and the external stairs (a 
ramped slab 3 ft wide and 8 in. thick, bent 
and doubled back on itself, fixed at the ends 
and supported at about midlength by a 
V-shaped support which is monolithic with 
the slab but hinged at the lower end). 

The article is illustrated with 12 figures, 
without which it is impossible to do full 
justice to the design. 
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Vibration measurements on different highway 
bridges (Schwingungsmessungen an Strassen- 
bruecken verschiedener Bavart) 

A. LAMMLEIN, Beton-u. Stahlbetonbau (Berlin), V. 46, 
No. 5, May 1951, pp. 108-111 


Reviewed by Rupo.irn Fiscut 


Measurements were taken on four different 
types of bridges, two of them prestressed 


slab bridges with spans up to30m. Damping 


proved to be a function of the masses of the 


bridges. Prestressed bridges, being more 


slender, will incline to oscillate more than 


common reinforced concrete bridges with 


more mass. However, the measurements 


proved that the safety of the prestressed 


The 


of oscillations of prestressed compared with 


bridge is not endangered. frequency 
common concrete bridges follows the ratio 
of 4:3, with a ratio cf 1:2 for damping, and 
2:1 for The 


with the magnitude of 


varies 
The 


computed stresses due to vibration were low. 


amplitude. damping 


prestressing. 


Influence of the aspect of the granulation on the 
quality of slags used for cements (Influence de 
l'allure de la granulation sur la qualite des 
laitiers utilises en cimenterie} 


LEON BLoNDIAN, Revue des 
Paris), No. 438, Mar 


teviewed by 


Vateriaur de Construction 
1952, pp. 65-9 


Poiturpe L. Menvityr 


In Belgium, slag is granulated by two 


methods approximating the pit 
Due to the 


ductivity and high heat of fusion of silicates, 


and jet 
thermal 


processes. poor con- 


cooling is uneven and crystallization may 
take place if cooling water is insufficient 
Tests were made on incompletely quenched 


and 


samples used for cement hydraulic 


(ASTM (C37) 
strength (ground to a Blaine specific surface 


potential compressive 


of 6000 sq em per g with 13 percent of 
determined for 
partially and fully chilled. 
indicated there were no differences between 
Well chilled had ih higher 
potential. Temperature of pour, the pH 
and the blast 
affect the granulation of the slag. 


calcium sulfate) were slags 


Chemical analysis 


samples. slag 


behavior of the furnace will 


Water-cooling structures at an oil refinery 
Concrete and Co 


V. 47, No. 4, 


nstructional Engineering London), 


Apr. 1952, pp. 103-113 
Reviewed by GLENN Muneny 


The features of the water-cooling system 
at the Stanlow, Cheshire, refinery for the 
Shell Ltd., are 


Petroleum Co., described. 
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The concrete work includes reinforced con- 
crete culverts, underpasses, and a cooling 
tower. The works also involve a concrete- 
lined tunnel 3000 ft long. The culverts 
include a 4100-ft length of 8 ft 3 in. diameter 
horse-shoe section and a 2000-ft length of 
About 161 mgd of 
water is passed through the culverts under 
a maximum head of 52 psi. Design details 
are described as well as a number of con- 


8-ft octagonal section. 


struction details including the movable forms 
used for the culverts. 

The cooling tower, described in Concrete 
and Constructional Engineering, Aug. 1951, 
is the largest in the world being 341 ft 6 in. 
high and 260 ft in diameter at the base. 
The cooling stack inside the tower is of pre- 
cast concrete members. 


Tests on concrete with electrical-resistance 
strain gauges 
K. R. Peatrie, Engineering (London), V. 
4498, Apr. 11, 1952, p. 468 

Reviewed by Aron L. Mirsky 


173, No. 


Continuation of correspondence on article 
by Grassam and Fisher (Current Reviews, 
ACI Journat, Mar. 1952, p. 607). 

Two additional cylinders 9x 4% in. in 
diameter were capped with plaster of Paris 
which was rubbed down until smooth and 
Tests 


testing 


normal to the axis of the cylinder. 
different 
machines, the load being applied through 


were performed in two 
ball-seated platens using various packings 
between cylinder caps and platens: 1/16-in. 
soft rubber sheet, 14-in. soft rubber sheet, 
1/16-in. soft rubber sheet lubricated on both 
sides with graphite, 14-in. soft rubber sheet 
lubricated with graphite, and no packing. 
Strain readings were taken at four different 
heights on each cylinder. 

Curves are presented indicating a pro- 
nounced variation in strain with height for the 
specimens with packing. Differences between 
curves are most marked near the ends of the 


specimens. 


Notes on factor of safety (in Czech) 
S. Becuyne, Stavebni prumysl (Prague), V. 1, No. 17-18, 
Oct. 1951, pp. 387-400 
Reviewed by Ivan M. Viest 
In this critical study the author considers 
the 
of safety of reinforced concrete structures. 
The factor of safety depends on the load- 


various factors which influence factor 


CONCRETE INSTITUTE October 1952 


carrying capacity of the structure and on 
the service loads. Unfortunately, neither of 
There- 
fore an intelligent approach to the question 
of safety must necessarily be based on the 


these can be determined accurately. 


theory of probability. 
First part of the paper is devoted to con- 
of 


materials 


Theories 
failure of concrete and of other 


sideration of a section only. 


are discussed and the equations of prob- 
ability pertaining to the determination of 
the factor of safety are presented. It is 
pointed out in the second part, however, 
that just dimensioning on the basis of an 
ultimate theory does not give a real idea of 
Onls 
a design which takes into account the re- 
distribution of moments at loads approaching 


the magnitude of the factor of safety. 


failure connected with the ultimate design 
of sections is capable of giving a reasonable 
estimate of the safety of a structure. 
Professor Bechyne points out further that 
the introduction of an ultimate design alone 
does not make any substantial improvement 
in the resulting structures. What is needed, 
is an improvement of the concrete making. 


Basic principles for drying concrete masonry 
units 

Wituram = J. 
June 1952, 


Snore, Rock 
pp. 180-181 
Reviewed by 


Products, V. 55, No. 6, 


DonaLtp M. AGRIMSON 


Author discusses methods and economic 
considerations involved in setting up a block 


The 


method for driving off water content is to 


drying installation. most workable 
heat the block up to temperatures in excess 
of 212 F. 
troduced into the drying room and recircu- 
lated the block to the 


block to the required temperature. A very 


Products of combustion are in- 


in and about raise 
necessary feature required of a properly de- 
signed dry room is that a continuous supply of 
fresh air from the outside be introduced, and 
simultaneously there must be an expulsion 
of an equal amount of hot moisture-laden air. 

In the system described above the approxi- 
mate fuel requirements for drying out 1000 
standard 8-in. sand-stone block would be 28 
gal. of No. 2 fuel oil, 3500 cu ft of natural gas, 
or 7000 cu ft of manufactured gas. Fuel re- 
quirements for lightweight block are approx- 
imately 75 percent of the above indicated 
amounts. 
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Proposed Revision of 


Minimum Standard Requirements for Precast 
Concrete Floor Units (ACI 711-46)* 


REPORTED BY ACI COMMITTEE 711 
F. N. MENEFEE LEO M. LEGATSKI 


Chairman Secretary 
RALPH W. ADAMS R. E. COPELAND O. NEIL OLSON 
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S. J. CHAMBERLIN H. B. HEMB J. W. WARREN 
WARREN A. COOLIDGE C. F. MOORE Cc. A. WILLSON 
GLENN MURPHY 


SYNOPSIS 


Proposes to change the existing Standard by adding descriptions of as- 
sembled concrete block, precast inverted T-beam joist with precast filler 
block, and inverted precast slab and T-joist types of floor units. New infor- 
mation is incorporated on moment bar spacing, steel requirements, distance 
between lateral supports, and provisions for tests. References to the ACI 
Building Code are brought up to date and the Appendix excerpts are taken 
from the 1951 Building Code. Minor editorial changes are made to clarify 
some of the other sections. 


EDITORIAL NOTE 


Except for section titles, unchanged text in ACI 711-46 appears in 
light face type. Language of the standard which it is proposed to 
change or delete is shown in italics followed by the new wording in bold 
face type. Italics not followed by new material in bold face in Sec- 
tions 24, 50 and 52 are for emphasis and do not indicate changes. Ref- 
erences to ACI 318-41 are changed to ACI 318-51 throughout the text. 
The Appendix in this proposed revision is excerpted from the 1951 
Building Code whereas in ACI 711-46 like paragraphs were taken from 
the 1941 Code. 


GENERAL 
10. Scope or limits 


(a) These minimum standard requirements for precast concrete floor units 
are to be used as a supplement to the ACI “Building Regulations for Rein- 
forced Concrete” (ACI 318-51).t 


*Title No. 49-12 is a part of copyrighted JouRNAL or THE AMERICAN Concrete INstITUTE, V. 24, No. 3, Nov. 
1952, Proceedings V. 49. Separate prints are available at 50 cents each. Discussion (copies in triplicate) should 
reach the Institute not later than Mar. 1, 1953. Address 18263 W. McNichols Rd., Detroit 19, Mich. 

This report was submitted to letter ballot of the committee which consists of 15 members; 14 members returned 
their ballots of whom 10 have voted affirmatively, 2 did not vote and 2 voted negatively. It is released by the 
Standards Committee for publication and discussion with view to its consideration for adoption at the 49th Annual 
Convention, Boston, Feb. 17-19, 1953. 

tReference is hereafter referred to as ACI 318-51. 
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(b) With respect to design for strength, i.e., for bending moment, bond and 
shear stresses, all the types referred to in 10 (d) are to be designed in accord with 
standard reinforced concrete theory and in accord with (ACI 318-51), except 
that with respect to cover, there is in some cases departure therefrom justified by 
the greater refinement in the finished product, both as to dimensions and to quality, 
when made by factory methods and with factory control. See Section 11. 

Floor units are to be designed for strength in accordance with 
standard reinforced concrete theory and as set forth in ACI 318-51 
except that requirements for concrete protection for reinforcement, 
anchorage and placing of reinforcement may be modified as in Sec- 
tions 11 and 12 for units made by factory methods and under factory 
control. 

(c) Section 103(a), ACI 318-51,* recognizes and makes provision for special 
systems of reinforced concrete. With reference to precast floors its provisions 
may be invoked where necessary by the manufacturer, architect, engineer, build- 
ing inspector, builder or owner, wherever this report is silent. Most precast 
floor and roof systems will, when first introduced, be considered 
special, and are not disapproved by this standard merely because 
they have not been included herein. With reference to such unin- 
cluded systems, the provisions of Section 103(a), ACI 318-51, may be 
invoked where thought necessary, by the manufacturer, architect, 
engineer, building commissioner, builder or owner, wherever this 
standard is silent. 

(d) Two distinct types are now manufactured: 

1. I-beam type, with either cast in place or precast slab. (Fig. 1) 


See Section 50 for definitions. When the slab is cast in place as shown in Fig. 2 
the result is a Tee beam and may be computed as such. 


2. Hollow core type (Fig. 5) 

Others are of channel shaped cross section often used as roof slabs, and the 
orthodox rectangular beam. Standard reinforced concrete theory is applicable to 
all. 

Precast concrete floor units are at present manufactured in five 
different types, one of which subdivides into two systems of manu- 
facture and assembly. 

1. I-beam type, with either cast-in-place or precast slab (Fig. 1). 
2. Hollow core type (Fig. 5). 
3. Assembled concrete block type: 

a. With contact faces between units ground to provide uniform 
bearing between units and to provide a slight camber to the 
assembly (Fig. 6). 

b. With contact faces parallel, but with a tension in the lower 
moment bars sufficient to align and hold the assembly together 
and to provide slight camber (Fig. 7). 

*See appendix hereto. 
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4. Precast inverted T-beam joist with precast filler block between 
(Fig. 8 and 9). 


5. Integrally precast slab and T-joist (Fig. 10). 


11. Concrete protection for reinforcement 

(a) Precast floor and roof units made of high quality factory controlled 
concrete may, when used in locations protected from the weather or moisture 
and with minimum fire hazards, be approved with 5%-in. concrete cover for 
the reinforcing, provided however, that the concrete cover in all cases shall 
be at least equal to the diameter of round bars and one and one-half times 
the side dimension of square bars, and provided that to insure exact final 
location of the steel, positive and rigid devices for that purpose are employed 
in the manufacturing process. When the precast members are exposed to 
weather, moisture or fire hazard the protective cover shall be increased to 
conform with Section 507, ACI 318-51.* 
12. Moment bar spacing 

(a) When the reinforcement for precast joists consists of an upper 
and a lower chord with properly designed web reinforcement welded 
thereto, and with a vertical bar connecting the chords welded to them 
at their ends, the anchorage requirements of ACI 318-51 (Section 505) 
may be waived, provided that the members are made under factory 
controlled conditions in which the concrete is vibrated or forced into 
place under pressure and provided that the spacing is not less than 
one-half the maximum size of the coarse aggregate, and that the bond 
stress allowed by ACI 318-51 is not exceeded when computed by the 
formula: 

y 


“i= 


34 > ojd 


MATERIALS 
20. Cement 


(a) High early strength concrete as produced with Type III portland 
cement or with Type I portland cement and accelerated curing is recom- 
mended. Portland cement shall conform to the “Standard Specifications 
for Portland Cement” (ASTM Serial Designation: C 150-42) and shall be 
Type I or Type IIT. 

21. Aggregate 

(a) Concrete aggregates shall conform to the “Standard Specifications for 
Concrete Aggregates’? (ASTM Serial Designation: C 33-44), provided, how- 
ever, that aggregates which have been shown by test or actual service to 
produce concrete of the required strength, durability, watertightness, fire- 
resistance, and wearing qualities may be used under Section 302(a) Method 2, 
ACI 318-51* where authorized by the Commissioner of Buildings. 

(b) The maximum size of the aggregate for precast joist shall not be larger 


*See appendix hereto. 
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than one-third of the narrowest dimension between sides of the forms of the 
member in which the unit is cast nor larger than three-fourths of the minimum 
clear spacing between reinforcing bars and sides of the forms except that 
where the concrete is placed by means of high frequency vibration the maxi- 
mum size of the aggregate shall not be larger than one-half the narrowest 
dimension between sides of the forms. 

(c) Aggregate for floor slabs shall conform to Section 21(a) and in addition 
the combined aggregate shall be so graded from fine to coarse that not less 
than one-half nor more than two-thirds by weight of the total, based on dry 
materials, is retained on the No. 4 standard sieve, except that these propor- 
tions do not necessarily apply to lightweight aggregates. The maximum 
size shall not exceed one-third the thickness of the slab. 

22. Steel 

(a) In the unprestressed types, the steel in the joist or floor units shall be 
intermediate grades Billet-Steel Concrete Reinforcement Bars (ASTM Serial 
Designation: A15-39) or Rail Steel Concrete Reinforcement Bars (ASTM 
Serial Designation: A16-39) or cold drawn steel wire for concrete reinforce- 
ment (ASTM Serial Designation: A82-34) conform to the specifica- 
tions outlined in ACI 318-51, Section 207. 

(b) Prestressed steel may be used in any of the types mentioned in Section 
10(d)._ When used and where such theory is applicable, computations 
for stresses, moments and allowable loads shall be in accord with the theory out- 
lined in “Prestressed Concrete, Design Principles and Reinforcing Units,” 
by Herman Schorer* or in a more condensed article by the same author in “Re- 
inforced Concrete No. 6” (Portland Cement Assn.) moments due to pre- 
stressing, shears, and resultant stresses due to moments and shears 
shall be computed in accord with the theory outlined in Peabody’s 
Reinforced Concrete Structures, Second Edition; Herman Schorer’s 
“Prestressed Concrete, Design Principles and Reinforcing Units,’’ 
ACI JOURNAL, June, 1943, Proc. V. 39; Herman Schorer’s article in 
Reinforced Concrete, No. 6, Portland Cement Assn.; Magnel’s Pre- 
stressed Concrete, or any comparable treatise on the subject. 

23. Strength of concrete 

(a) Concrete for floor units made of sand and gravel, crushed stone, slag 
or other heavy aggregate and of a span of 12 ft or more shall have a com- 
pressive strength of not less than 3750 psi at 28 days when tested in accord- 
ance with the applicable current standards of the ASTM. 

(b) For roof slabs or for floor units made of lightweight aggregate lower 
compressive strengths may be permitted where the unit stresses used in 
design for strength and bond will satisfy the requirements of Section 24(a) 
of this standard. 

24. Unit stresses in concrete and reinforcement 
(a) The allowable design stresses in the concrete shall conform to the re- 


*ACI Journat, June 1943, Proceedings V. 39. 
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quirements set forth in Section 305(a) and Table 305(a), ACI 318-51.* 
(b) The allowable stresses in the steel shall conform to the requirements 
set forth in Section 306(a) and 306(6), ACI 318-51.* 


MANUFACTURE 
30. Workmanship 


(a) The finished product shall be free of honeycomb or rock pockets. 
The mix, gradation of the aggregate, and workability shall be such as to 
insure complete filling of the form and continuous intimate bond between 
the concrete and all steel. To assist in attaining the latter, vibration is recom- 
mended, but any method which will meet the stated requirements and with 
the strength as required in unit beams or slabs or in the finished floor, is 
acceptable. 

(b) Handling and conveying before curing shall be reduced to a minimum. 
Machinery for this purpose should be so designed that the unit will not be 
subject to bending or shock which will produce incipient cracks, broken 
edges or corners. 

31. Curing 

(a) The minimum amount of curing of precast units shall consist in keep- 
ing the concrete moist for at least 7 days, if made of normal portland cement 
and for at least 3 days if made of high early strength cement. For each 
decrement of 5 degrees below 70 F in the average curing temperature these 
curing periods shall be increased by four days for units made of normal port- 
land cement and by two days for units made of high early strength cement. 
See Table 1. The average curing temperature in no case shall be less than 
50 1. 

TABLE 1 (Sec. 31a)—MINIMUM CURING TIME IN DAYS IN MOIST ATMOSPHERE 


Temperature, degrees F 
s 


Cement 5 60 55 
Normal portland 


High early strength 


(b) Curing by high pressure steam, steam vapor, or other accepted processes 
may be employed to accelerate the hardening of the concrete and to reduce 
the time of curing provided, however, the compressive strength of the con- 
crete is at least equal to that obtained with the curing specified in Section 
31(a) and that the 28-day strength meets the requirements of Section 23. 

32. Identification and marking 

(a) All joist, beams, girders and other floor units shall show some mark 
plainly indicating the top of the unit and the size of the bending moment 
reinforcement. This mark or symbol shall indicate the length, size and type 


*See appendix hereto. 
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of reinforcing and carrying capacity of the unit, and shall be shown on the 
placing plans. 
33. Transportation 

(a) After curing, units shall be so stored, stacked, loaded and transported, 
unloaded and placed, that no transverse or longitudinal cracks will develop. 
Adequate instructions should be given to handlers and insofar as possible, 
only experienced men should be put in charge of this phase of the work. 

(b) To insure the eventual placement of the units in the structure without 
cracks, the handling, whether manually or in slings or cradles, shall be done 
in such a manner that bending about either the vertical or horizontal axis of 
the cross section will be reduced to a minimum. 


TESTS 
40. Beams and floors 


(a) Where the individual unit is tested as a simple beam, it shall sustain 
without complete failure,* a uniformly distributed load of at least 2.25 times 
the design live load based on allowable stresses in bending moment and shear 
as given in Section and Table 305(a) and Section 366(a), ACI 318-51.+ 

(b) When field tests are made they shall be made as required by and shall 
meet the requirements of Section 202, ACI 318-51,f making use of notation 
used in Section 200, ACI 318-51.7 

1-BEAM TYPE JOISTS 
50. Definitions 

(a) Floors made of precast joists mortised or embedded into a mono- 

lithic floor placed or poured on the job, producing a T-beam are called pre- 


cast joist cast-in-place concrete slab floors, and the resisting moment may be 
computed as if the joist and slab form a T-beam. See Section 54. 


(b) Floors made of precast joists over which precast slabs are laid and 
bonded to produce T-beam action are called precast joist and slab concrete 
floors. 

(c) Floors made of precast joists over which precast slabs are laid for floor- 
ing and not bonded to the joist to produce T-beam action are called independent 
precast joist and slab concrete floors. 

(d) Floors made of concrete block are called precast hollow block, 
plank, slab, or joist floors. 

(e) Floors made of inverted T-joist with hollow filler block between 
them are called T-joist filler block floors. 

(f) Floors in which the joist and slab are cast integrally are called 
integrally precast slab and T-joist floors or roofs. 

51. Sections 

(a) The most commonly made joists of I-beam section are as shown in 

Fpl ngea glenn gay Apdnedng pow Poy ae Spee ome oo nyh ner 


in regular service 
tSee appendix hereto. 
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Fig. 1—1-beam type joist 
































Imbedment . { Fig. 2—Note: The mortise shall be 
not less than 3 not less than 14 in. 


Fig. 1. Other sizes and shapes meeting the regulations of ACI 318-51 as to 
resistance to bending moment, shear, deflection and bearing, may be used. 

(b) Since the shear and bending moment resistance to shear and bending 
moment are based on nominal dimensions as well as on area of the steel and 
allowable working stresses in concrete and steel, the following tolerances shall 
not be exceeded: plus or minus 4 in. as to width and height, and plus or 
minus !4% in. as to length. 


52. Floor slab thickness 

(a) The recommended minimum thickness of cast-in-place reinforced con- 
crete floor slabs with joist heads embedded not less than 1% in. and with joist 
spacing less than 30 in., is 2 in. (Fig. 2). For joist spacing of 30 to 36 in. the 
minimum thickness of slab concrete floors should be 2'5 in. Greater thick- 
ness may be required where unusual loads or spans are encountered. The 
required thickness of slabs spanning more than 36 in. shall be determined by 
accepted design methods. 

(6) The recommended minimum thickness of precast slab to be used with 
precast joists is 2 in. with joist spacing up to 30 in. and 2! in. with joist spac- 
ing from 30 in. to 36 in. In the case of slabs of ribbed- or channel-section, the 
thickness requirement applies to the portion thereof containing the tensile 
reinforcement. 

53. Extra or concentrated loads 

(a) Where the floor supports partition walls parallel to the joist or where 
loads heavier than the uniform load for which the floor is designed are known 
to be expected, joists may be placed side by side, with flanges touching, but 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1952 





Fig. 3—Details of joist hangers 

















Weld-cont. bead 
on outside seam —+ 











Made from Ya’steel flats 


Fig. 4—Tension bar hanger inserted in joist as cast 


under such conditions the joists and cast-in-place floor slabs are not to be 
considered as a T-beam unless the shear reinforcing loops in the joists extend 
into the slab. 

(b) Where multiple joists are used, their strength shall be at least that of a 
single beam, multiplied by the number used. 
54. Design 

(a) Floors laid as defined in 50(a) and 50(b) of these standards may be 
designed as T-beams, where joists are supported at sufficient intervals to 


take out the sag while the cast-in-place or precast slab is being laid, the support 


being left in place until the concrete has hardened. Under this condition the 
dead load is considered to be the weight of the floor per joist plus the weight of 
the joist.* 

(b) The resistance to longitudinal shear between floor and joist where 
the joists are embedded '% in. may be taken as equal to the allowable shear 
stress for beams with no web reinforcement but with special anchorage of 
longitudinal steel. (Table 305(a), ACI 318-517). 

(c) Where ends of joists cannot be rested on walls, as at stair wells, etc., 
metal joist hangers made as in Fig. 3 may be used to provide end support, 
or a preformed tension bar hanger may be inserted in the joist at the time of 
casting (Fig. 4). 

*For further details as to design for Type 1 joists, the Portland Cement Assn. pampblet “How to Design and 


Build Precast Joist Concrete Floors” is at present the most complete treatise. 
tSee appendix hereto. 
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55. Holes in web 

(a) Because they reduce the shearing resistance, holes in the web shall be 
reduced to a minimum. Where found necessary they should be located as 
near the center of the beam as possible or at location of minimum shear. 
They shall be cast when the beam is made or drilled on the job (not punched) 
and be not more than 2 in. in diameter. No holes should be made by any 
mechanic on a job except after approval by and under the supervision of the 
architect or engineer. 


56. Installation and construction details 

(a) On every job there will be a need for a joist setting plan, prepared by 
an architect or an engineer and approved by the manufacturer. Only in this 
way will the owner be assured of unquestionable results. Working Stresses 
based on maximum strength of the materials used shall be as provided in 
Section 305(a) and Table 305(a), ACI 318-51,* and shall be given the architect 
or engineer by the manufacturer. Shears and bending moments will be 
properly taken into account by the architect or engineer and accepted by the 
manufacturer. f 

(b) There is a need for standardization of many installation and construc- 
tion details. This does not mean that innovations should be prohibited or 
frowned upon, but rather that an acceptable practice in handling and setting, 
leveling, shoring of joists, placing forms for floors, reinforcement for floors, 
conduits, bulkheads, stairwells, partition bearing joist, etc., should be approved 
by the architect, engineer and manufacturer and the building contractor 
informed thereof by properly drawn plans and through the supervision of the 
architect or engineer. 


57. Distance between lateral supports 
(a) The clear distance between lateral supports of a beam shall not 
exceed 32 times the width of the compression flange. 


HOLLOW CORE TYPE JOISTS 


60. Definitions 

(a) Floors made of precast concrete units in which some portion of the 
cross section between top, bcttom, and sides is left out at the time of casting 
for purposes of reducing dead load and quantity of material used in their 


manufacture are called hollow-core-precast floors. 
61. Sections 

(a) Sections of hollow units as shown in Fig. 5 are acceptable. 

(b) Any other sections which will provide proper protection for the steel 
reinforcement, and strength sufficient for handling and for carrying the loads 
for which they are designed and which meet all other requirements of this 


report will be acceptable, provided the computations for carrying capacity 


*See appendix hereto. 

+The manufacturer's supervision over the placing of the reinforcement and over the factory treatment of the 
joist from planning the mixture to delivery on the job will be stricter where he is provided with data on the maxi- 
mum shear and bending moment stresses as computed by the architect or engineer 
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Fig. 5—Hollow core type joist 























(b) 


have been verified by test conducted by a recognized testing laboratory or 
by persons acceptable to the Building Commissioner. 


62. Design 

(a) Resisting moments and shear resistance of hollow core units shall be 
computed by the standard formulas and methods. Allowable unit stresses in 
concrete shall conform to the requirements of Section 305(a) and Table 305(a), 
ACI 318-51.* 

(b) The allowable stresses in the steel shall conform to the requirements 
set forth in Section 306(a) and 306(b), ACI 318-51.* 


63. Special conditions—openings known in advance of construction 

(a) At stairways or other openings when no wall or girder bearing is avail- 
able for one end of a floor unit, the long dimension of the opening shall be 
parallel to the length of the unit. Specially designed reinforced headers or 
curbs at the short side of such openings shall transfer their dead and live load 
to the longitudinal units on the side of the opening by devices or means satis- 
factory to the architect or engineer. Units adjacent to the side of such open- 
ings shall be designed to carry the reaction of the headers in addition to their 
own specified dead and live load. 


(b) The requirements of unusual conditions, such as those outlined in 


63(a) or others, often may be met by making use of special units, some of 


*See appendix hereto. 
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which are wider than the standard, some deeper and some more heavily 
reinforced. 

(c) Holes in the bottom or ceiling sides of units, for conduit or for hangers 
should be located below the hollow portion of the unit and should be cast 
at the time of manufacture or drilled under the supervision of the architect 
or engineer. 

(d) Channeling in the top or floor side, except over the support is not 
permissible and channels placed over the supports shall not reduce increase 
the shear resistance stress below to values greater than that allowable in 
this standard. 

(e) Cutting of reinforcement for installation of pipes or conduit is per- 
mitted only upon approval of the architect or engineer and only after satis- 
fying requirements specified in Section 64(a), (b) and (e). 

64. Cutting of holes and channels 

(a) No openings or channels not provided for in the structural design 
shall be made on the job without the specific approval of the engineer and 
in accord with his written, detailed instructions covering such work. 

(b) In some cases the section of and reinforcement in the adjacent beam 
are such that when the span is taken into consideration the resistance to 
bending moment and shear is greater than that required by the live and dead 
loads called for by the building code or specifications. In such a case holes 
may be cut and curbed providing it is done in a manner to insure that the 
stresses on the transversely cut units will be transferred through the curb 
or longitudinal key to the adjoining units. In general, such cutting should 
be located near the quarter point of the span. 

(c) Where holes are cut, the load normally carried by the cut units, and 
by the cutting transferred laterally to adjacent units may be considered to 
be uniformly distributed laterally for three units one foot wide on either side. 
With such assumption the computed stresses in the concrete may not exceed 
0.45 f’. nor in any case 1500 psi compression; 0.02f'. (for reinforcement with- 
out special anchorage) with a maximum allowable unit stress of 75 psi or 0.03 f", 
(for reinforcement-with special anchorage) with a maximum allowable unit stress 
of 112.5 113 psi in shear for units without stirrups; or 20,000 psi tension in 
the reinforcing steel. 

(d) Holes in the bottom or ceiling side for conduit or for hangers should 
be below the hollow portion of the unit; should not be less than 134 in. from 
the longitudinai reinforcement, and may be either cast at the time of manu- 
facture or drilled under the supervision of the architect or engineer. Hangers 
may be placed in the joints between the units before they are grouted, 


(e) There shall be no channeling in the top or floor side except over the 


support. Channels cut over the supports are permissible only when they do 
not reduce increase the shear resistance below stress to values greater than 
that allowable in this standard, and must be approved by the architect or 
engineer. 
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(f) Cutting of reinforcement for installation of pipes or conduit is per- 
missible only with approval of the architect or engineer and only after satis- 
fying requirements specified in Section 64 (a), (b) and (ce). 


65. Installation and construction details 

(a) An erection or unit setting plan shall be prepared by the architect or 
engineer and approved by the manufacturer or his engineers for each job. To 
provide properly for shear and bending moment stresses, the plan shall in- 
dicate all openings, stairways, etc., together with the location of points, if 
any, where loads are in excess of the general floor loading. 


Fig. 6—Type 3a floor and roof 
system. A—Modular surfaces. 
B—Tongue-and-groove interlocks 
beams, distributes load and aligns 
floor surface. C—Openings in 
block reduce weight and provide 
space for utilities. D—Recessed 
channels space and anchor re- 
inforcement. E—Reinforcing bars 
in place 


Fig. 7—Type 3b slab unit 
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ASSEMBLED CONCRETE BLOCK TYPE 
70. Definitions 


(a) Floors made of an assembly of concrete block are called precast 
hollow block plank, slab, or joist floors. See types 3a, Fig. 6, and 3b, 
Fig. 7. 


T-BEAM TYPE 
-80. Definitions 


(a) Floors made of inverted T-joists with hollow filler block be- 
tween them are called T-joist filler block floors. See types 4a, Fig. 8, 
and 4b, Fig. 9. 


Fig. 8—Type 4a. a—3000 psi 
concrete topping, 2-in. minimum 
thickness. b—Finish floor surface. 4 
c—3 x Y%-in. keys, 6 in. on cen- |S 
ters. d—Mesh or bar reinforce- 
ment. e—8-in. filler block, 21 in. 
x 6,8 0r10in. f—joist, 6,8 or 10 
in. and 24 in. on centers. g— 
Ceiling finish. h—Reinforcing 
bars and stirrups 
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RIBBED SLAB TYPE 
90. Definitions 


(a) Floors in which the joist and slab are cast integrally are called 
integrally precast slab and T-joist floors or roofs. See type 5, Fig. 10. 
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Fig. 10—Type 5. Cross section of integrally precast slab and T-joist 
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APPENDIX 
(Excerpts from Building Code Requirements for Reinforced Concrete—ACI 318-51) 


103—Special systems of reinforced concrete 

(a) The sponsors of any system of reinforced concrete which has been in successful use, 
or the adequacy of which has been shown by test, and the design of which is either in conflict 
with, or not covered by this code shall have the right to present the data on which their design 


is based to a “Board of Examiners for Special Construction” 


appointed by the Commissioner 
of Buildings. This Board shall be composed of competent engineers, architects and builders, 
and shall have the authority to investigate the data so submitted and to formulate rules 
governing the design and construction of such systems. These rules when approved by the 
Commissioner of Buildings shall be of the same force and effect as the provisions of this code. 
200—Notation 

D = Deflection of a floor member under load test relative to the ends of the span L. 

L = Span of member under load test (the shorter span of flat slabs and of floors supported 

on four sides). 

t = The total thickness or depth of a member under load test. 

202—Load tests 


(a) When a load test is required, the member or portion of the structure under considera- 


tion shall be subject to a superimposed load equal to two times the live load plus one-half of 


the dead Joad. This load shall be left in position for a period of 24 hours before removal. If, 
during the test, or upon removal of the load, the member or portion of the structure shows 
evident failure, such changes or modifications as are necessary to make the structure adequate 
for the rated capacity shall be made; or else, where lawful, a lower rating may be established. 
The structure shall be considered to have passed the test if the maximum deflection at the 
end of the 24-hour period does not exceed the value of D as given in the following formula: 
L? 
12,000 ¢ © 
in which all terms are expressed in the same units. 

(b) If the deflection exceeds the value of D as given in formula (1), the construction shall 
be considered to have passed the test if within 24 hours after the removal of the load the 
residual deflection does not exceed either 40 percent of the maximum deflection observed under 
load or 60 percent of that given by formula (1). Under no circumstances will the construction 
be considered acceptable if the deflection under load exceeds three times that given by the 
formula. 


(1) 


302—Methods for determining strength of concrete 
(a) The determination of the proportions of cement, aggregate and water to attain the 
required strengths shall be made by one of the following methods: 


Method 1—Concrete made from average materials: 


When no preliminary tests of the materials to be used are made, the water content per 
sack of cement shall not exceed the values in Table 302(a). Method 2 shall be employed when 
artificial aggregates or admixtures are used. 


TABLE 302(a)—ASSUMED STRENGTH OF CONCRETE MIXTURES 


Water content, U. S. gallons Assumed compressive strength 
per 94-lb* sack of cement at 28 days, psi 


7% 2000 
6% 2500 
6 3000 
5 3750 
Note—lIn interpreting this table, surface water carried by the aggregate must be included as part of the mixing 
water in computing the water content. 
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Method 2—Controlled concrete: 


r 


Water content other than shown in Table 302(a) may be used provided that the strength- 
quality of the concrete proposed for use in the structure shall be established by tests which 
shall be made in advance of the beginning of operations, using the consistencies suitable for 
the work and in accordance with the “Standard Method of Making and Curing Concrete 
Compression and Flexure Test Specimens in the Laboratory” (ASTM Designation: C 192) 
and with the “Standard Method of Test for Compressive Strength of Molded Concrete Cylin- 
ders” (ASTM Designation: C 39). A curve representing the relation between the water 
content and the average 28-day compressive strength or earlier strength at which the concrete 
is to receive its full working load, shall be established for a range of values including all the 
compressive strengths called for on the plans. 

The curve shall be established by at least three points, each point representing average 
values from at least four test specimens. The maximum allowable water content for the 
concrete for the structure shall be as determined from this curve and shall correspond to a 
strength which is 15 percent greater than that called for on the plans. No substitutions shall 
be made in the materials used on the work without additional tests in accordance herewith 
to show that the quality of the concrete is satisfactory. 


305—Alllowable unit stresses in concrete 


(a) The unit stresses in pounds per square inch on concrete to be used in the design shall 
not exceed the values of Table 305(a) where f’. equals the minimum specified compressive 


TABLE 305(a)—ALLOWABLE UNIT STRESSES IN CONCRETE 


Allowable unit stresses 


For any 
strength of For strength of concrete shown below 
concrete in 
Description accordance | Maxi- 
with Section | mum | | 
302 | value, : = S' f'e 
e psi 3000 |) 375K 
_ 30,000 pei | spel 
tS'e 5 Zin=10in = 


Flexure: fe 
Extreme fiber stress in compression a | O.45f'e 25 1350 1688 
Extreme fiber stress in tension in plain 
concrete footings . la cers 0.03f'« f 90 113 


Shear: vo (as a measure of diagonal tension) 
Beams with no web reinforcement aa 0.03f'¢ { ( 113 
Beams with properly designed web 
reinforcement...... “ ; | 0.12f'e ‘ : 450 
*Flat slabs at distance d from edge of 
column capital or drop panel..... 0.03f'« 
**Footings. . ; 0.03f'« 


Bond: u 
Deformed bars 
Top barst........ 0.07f'e 


In 2-way footings (except top bars) 0.08f'c 
All others......... : 0.10f'e 


Plain bars (must be hooked) 
Top bars 2 é 0.03f'e 


In 2-way footings (except top bars) .. 0.036 f'. 


All others. ..... 0.045f'. 


Bearing’ f. 
On full area........... Se 0.25f". 500 7H 938 
On one-third area or lesst fe 0.37 5f'e 750 25 | 1405 
*See Section 807. **See Sections 905(a) and 808(a), 
+Top bars are horizontal bars so placed that more than 12 in. of concrete is cast in the member below the bar. 


tThe allowable bearing stress on an area greater than one-third but less than the full area shall be interpolated 
bet ween the values given. 
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strength at 28 days, or at the earlier age at which the concrete may be expected to receive 
its full load. 


306—Allowable unit stresses in reinforcement 
Unless otherwise provided in this Code, steel for concrete reinforcement shall not be stressed 
in excess of the following limits: 


(a) Tension 

(f. = Tensile unit stress in longitudinal reinforcement) 

and (f, = Tensile unit stress in web reinforcement) 

20,000 psi for Rail-Steel Concrete Reinforcement Bars, Billet-Steel Concrete Reinforce- 
ment Bars of intermediate and hard grades, Axle-Steel Concrete Reinforcement Bars of 
intermediate and hard grades, and Cold-Drawn Steel Wire for Concrete Reinforcement. 

18,000 psi for Billet-Steel Concrete Reinforcement Bars of structural grade, and Axle- 
Steel Concrete Reinforcement Bars of structural grade. 


(b) Tension in one-way slabs of not more than 12-ft span 
(f. = Tensile unit stress in main reinforcement). 

For the main reinforcement, *4 in. or less in diameter, in one-way slabs, 50 percent of the 
minimum yield point specified in the Standard Specifications of the American Society for 
Testing Materials for the particular kind and grade of reinforcement used, but in no case to 
exceed 30,000 psi. 


507—Concrete protection for reinforcement 

(a) The reinforcement of footings and other principal structural members in which the 
concrete is deposited against the ground shall have not less than 3 in. of concrete between it 
and the ground contact surface. If concrete surfaces after removal of the forms are to be 
exposed to the weather or be in contact with the ground, the reinforcement shall be protected 
with not less than 2 in. of concrete for bars more than 5% in. in diameter and 11% in. for bars 
54 in. or less in diameter. 


(b) The concrete protective covering for reinforcement at surfaces not exposed directly 
to the ground or weather shall be not less than %4 in. for slabs and walls; and not less than 
1\% in. for beams, girders and columns. In concrete joist floors in which the clear distance 
between joists is not more than 30 in., the protection of reinforcement shall be at least 34 in. 


(c) If the general code of which this Code forms a part specifies, as fire-protective covering 
of the reinforcement, thicknesses of concrete greater than those given in this section, then such 
greater thicknesses shall be used. 

(d) Concrete protection for reinforcement shall in all cases be at least equal to the diameter 
of round bars, and one and one-half times the side dimension of square bars. 

(e) Exposed reinforcement bars intended for bonding with future extensions shall be pro- 
tected from corrosion by concrete or other adequate covering. 





Title No. 49-13 


T-Beam Design and the 1951 ACI Building Code™ 
By BENJAMIN A. WASILT 


SYNOPSIS 
Describes the design of a T-beam by use of ACI 318-51 and demonstrates 
that it is not simply the substitution of the new bond and shear values for 
those of the 1947 code. A balance must be achieved between concrete and 
steel and this is done by proportioning the beam so that steel required for 
positive moment can be used, when extended into the support, for compres- 
sion reinforcement. 


INTRODUCTION 


For most efficient use of materials some changes must be made in design 
procedures in light of the 1951 ACI Building Code. Many of the design 
changes are minor; a matter of using new values for allowable shear and bond. 
Under the 1947 code, dimensions may be governed by shear, and size and 
number of bars governed by bond, whereas under the 1951 code they are more 
likely to be governed by moments. However, further thought must be given 
to the design of the continuous T-beam. Indiscriminate substitution of the 
new allowable stresses for the old in the usual procedure for the design of the 
continuous T-beam may prove to be unprofitable and clumsy. 

In the usual approach to the design of a continuous T-beam, which proved 
quite adequate for the stresses allowed under the 1947 code, having determined 
the moments and shears in the beam, the stem was proportioned to satisfy 
maximum shear requirements. These dimensions would prove for the usual 
building T-beam to be more than adequate to satisfy compression require- 
ments at the points of positive moments. However, at the face of the supports 
where advantage cannot be taken of the flange, steel may be necessary to 
assist the stem in resisting compression. The positive steel, when extended 
at the bottom of the beam into the supports, usually provides enough are: 
for compression steel. Thus for the T-beam shear governed design for the 
dimensions and provided enough steel to handle tension and any excess com- 
pression. To complete the design bond requirements were checked and 
stirrups designed. 

Following this procedure using the shear values for modern high-bond 
bars we could use one-half the area of concrete as called for in the 1947 code. 
This would seem like an immediate advantage of the high-bond bars. How- 
ever, the smaller the stem of the beam the greater the area of steel required 


*Received by the Institute May 28, 1951. Title No. 49-13 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Inatirute, V. 24, No. 3, Nov. 1952, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1953 Address 18263 W. Mec Nichols 
Rd., Detroit 19, Mich. 

t+Member American Concrete Institute, Assistant Professor, Illinois Institute of Technology, Chicago. 
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for tension. The area of compression steel at the support would increase even 
more. Due to spacing requirements of the reinforcing bars there is a limit to 
how small one can make the beam. Economically, the law of diminishing 
returns may apply before this limit is reached. Reduction of the concrete 
of the beam may be carried to such a ridiculous point that we may as well 
use a structural steel member and cover it with concrete. 


CONTROL OF DIMENSIONS 


If shear is no longer of value as a criterion for the proportioning of the 
beam stem, then what can be used to control its dimensions? To take the 
greatest advantage of all the materials of reinforced concrete, it is suggested 
that the T-beam be so proportioned that the steel required for positive mo- 
ment can be used when extended into the support for compression reinforce- 
ment. When “continuity steel’’* is used for a beam all the positive steel 
can be utilized as compression steel. If “bent-up steel’’ is used then one-half 
of the positive steel can be utilized as compression steel. When continuity 
steel is used then vertical stirrups alone will be used for diagonal tension 
reinforcement and we are limited in shear to 0.08 f’... For bent-up steel we 
can go all the way in shear to 0.12 f’... However, if we limit the dimensions 
of the beam as suggested above for trussed steel it is unlikely that the unit 
shear will exceed the 0.08 f’. value. The exceptions of course will be for 


heavily loaded short spans. Outside of the fact that the continuity steel 
approach to reinforcing beams saves by eliminating heavy bending, the 
above points to a new advantage of continuity steel as compared to bent-up 
steel. 


A simple formula can be used to proportion the T-beam as suggested above. 
It is derived as follows: 
M, = positive moment at center of panel 
M,, = negative moment at face of support 
Therefore the area of tension steel required to resist the positive moment is, 
M, 
Suid 
This is the compression steel at the support if we are using continuity 
steel. This derivation will cover the case where all the positive steel is con- 
tinued into the support for compression. If a portion of the positive steel is 
to be continued into the support then multiply , by this portion. 
In a section of the beam taken at the support (Fig. 1), the total compression 
required to resist the negative bending moment at the support is M,,/jd. 
This compression will be resisted partly by the concrete in the stem by an 
amount 14 f.b’kd. Therefore the compression that the steel must supply is 
M, 
ry 
~ “Continuity steel” as used here is defined as using straight bars both top and bottom of continuous beams. 


The bottom bars are lapped at the supports and the top bars are continuous over the supports cut off beyond the 
point of ccntraflexure in each beam. 


—1 2 Seb'kd 





T-BEAM DESIGN 
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Fig. 1—Section of beam at support 


Taking advantage of the code’s recognition of plasticity for concrete as 
far as compression steel is concerned the compression resistance of the steel is 
(kd d’) ' 
——— f, (2n — 1)A,+ 
kd . 
Then, 
(kd - d’) , M, 
——— f. (2n — 1)A,+ = — 
kd , jd 
and, 
(kd — d’) M, M, v 
———— f, (2n — 1) — = — - 16 f. b’kd 
kd f.jd jd 
Let and 
"a R = VY fjk 
Then, 


k a\f 
M, —— }— (2n — 1) M, 
k Jf, 
b’d? = - — 


R 
and 
M, — uM, 
= 


R 
Where, 


Fao) fe (9 1 2 
it toee-ceadll ke-ak i (2 
u k fe n ) ) 


Where continuity steel is used but no consideration is given to the plastic 
effect of concrete on the compression steel then, 


_f{k-4q fe ; ’ 
u ; I, n — 1) (3) 


Where bent-up steel is used and one-half the steel is allowed to continue 
into the supports and plasticity is recognized then, 


k -—e\f 
ua ( : *) (2n — 1) (4) 


For the same case as above but with no consideration given to the plastic 
effect of concrete on the compression steel then, 
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k—q\ fi 
u= 4 ( ') mm E99 1) 
6 Je 


(5) 


The values of the constant u is given for continuity steel and varying 
values of q, f’. and f, in Tables 1 and 2. To obtain the values of u for the 
bent-up steel system multiply the ratio of the area of tension steel continued 
into the supnort to the total tension steel by the values in Tables 1 and 2. 


Application 


Example | illustrates the use of Eq. | in the design of an interior panel of a 


continuous T-beam. 
Example 1 (Fig. 2) 





1. Loads 





Governing data: 

Slab: 6 in. thick 

Live load: 250 psf 

f.. = 3000 psi 

f, = 20,000 psi 

1951 ACI Code 

k = 0.403; 7 = 0.866, R = 236 


Fig. 2—Plan showing interior panel of con- 
tinuous T-beam 


L.L. = 250 10 = 2.50 kips per ft 
D.L. of slab = 75X10=0.75 
Est. D.L. of stem =().20 


Total load =3.45 kips per ft 


TABLE 1—100 PERCENT TENSION STEEL CONTINUED INTO SUPPORT, 
PLASTICITY RECOGNIZED 


Values of u for f, = 20,000 psi 


0.10) 0 


0.95 | 0 
| 0.96 | Of 
0.97 | 0O.¢ 
9.98 | 0 


0.14 0 


0.83 0 
0.84 0 
0.84 | 0 
0.85 0 


16 0.18 0.2 0 


76 | 0.70 | 0.6 0.57 
77 | 0.71 | 0.65 ! 0.5 
78 | 0.72 | 0.65 | 0.5 
79 72 | 0.66 | 0.5 


Values of u for f, = 18,000 psi 


0.10 | 0.12 


1.08 
1.09 | 
1.10 
: 2.3) 


0.95 0 


| 0.96 0 


0.97 | 0 
0.98 | 0 


16 0.18 0 0.2: 


88 | O.82 
89 | 0.83 
90 | 0.83 
91 | 0.84 





T-BEAM DESIGN 


TABLE 2—100 PERCENT TENSION STEEL CONTINUED INTO SUPPORT, 
PLASTICITY NOT CONSIDERED 


Values of u for f, = 20,000 psi 
0.10 | 0.12 | 0.14 0.16 | 0.18 | 0.20 | 0.22 


44 0.42 0.39 36 33 
iH 0.43 0.40 37 34 
47 | 0.43 | 0.40 37 34 
47 | 0.44 | 0.41 38 35 


Values of u for fg = 18,000 psi 
0.10 0.12 14 0.16 0.18 20 


0.47 44 0.41 0.38 
0.49 45 | 0.42 | 0.39 
0.50 16} 0.43 0.40 
0.50 47 | 0.44 | 0.41 


Shears 
At face of support = 15 X 3.45 X 20.67 
Moments 
Negative moment at face of support 
= 41 X 3.45 X 20.67? = 135'+ 
Positive moment at center of span 
46 X 3.45 X 20.672 = 93'+ 


Dimensions of stem (Fig. 3) 


Fig. 3—Beam dimensions 









































Assume g = 0.16 ©. from Table 1, u = 0.77 
vgs — (135 _— 98 X_.7) 12,000 
™ 236 

Try b’ = 12in.; d = 1614 in. (b’d? = 3260 in.*) 


5. Area of steel 


= $230 in.* 


(a) Negative steel at face of support 
135,000 « 12 
20,000 X .866 X 16.5 


= 5.66 sq in. 


Use 6 - *9 bars (A, = 6.0 sq in.) 
(b) Positive steel at center of panel and continued into support 
, _ ___ 93,000 x 12 


—- 3.91 sq in. 
20,000 K .866 & 16.5 
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Use 4 - #9 bars (A, = 4.0 sq in.) 


Note: d = 17% in. here (Fig. 4) and At can be reduced. However four 
#9 bars will still be necessary. 


) Fig. 4—Positive steel in beam stem 






































Fig. 5—Shear diagram 


). Check value of q 


2. 
q = 165" 0.152, q used = 0.16 ¥ 
i. 


. Check shear (Fig. 5) 
35,600 
»=— ———— = 207 psi < 240 psi ¥ 
12 X 16.5 X .866 
. Check bond 
35, 600 eile od 
= ———_—_———_—— = 117 psi <210 psi Vv 
6 X 3.54 X 16.5 & .866 
. Stirrups (Use '4-in. hooked stirrups) 
: : 16.5 F ; 
Maximum spacing = “— eT 4.13 in., say 4 in, 
Ve = 90 X 12 XK 16.5 X .866 = 15.4 
Initial spacing: 
_ 4X 20,000 x 866 X 16.5 


g = = 5.66 in. 


35,600 — 15,400 





”. Use one stirrup @ 2 in. and 17 stirrups @ 4 in. from face of supports 


SUMMARY 


It must be pointed out that nothing is new in the 1951 code as far as shear 
and bond stresses in the T-beam are concerned that cculd not have been 
handled by the 1947 code by using specially anchored reinforcement. Because 
of the difficulties described earlier few designers attempted to take advan- 
tage of higher shear values accomplished by special anchorage. By the method 
described above it is possible in many cases to take advantage of at least part 
of the increase in allowable shear stress in the 1951 code and in all cases 
make the most efficient use of the steel carried into the supports. 
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The design developed with this procedure may not be the most economical 
design. By deepening the beam a saving will be accomplished in main and 
diagonal tension reinforcement although the cost of concrete and formwork 
will be increased. However, and here lies the value of this method, the mini- 
mum efficient size beam, regardless of cost, is determined by this method. 
The designer may elect to increase the dimensions of the beam and thus 
decrease the steel requirements and in so doing he will be assured that the 
beam will be more than safe as far as shear and compression are concerned. 








Disc. 49-13 


Discussion of a paper by Benjamin A. Wasil: 


T-Beam Design and the 1951 ACI Building Code* 
By HUGH F. FENLON and JAMES M. PAULSON 


By HUGH F. FENLONt 


Professor Wasil’s paper is a worthy one in being a simple method for 
determining the measure of help that the positive bending steel can render 
to negative bending at the supports. However, there are limitations to the 
tabulated wu values which the author presents, which are imposed by limi- 
tations in the ACI Building Code. These limitations are shown along with 
a slight rearrangement of terms to help visualize the influencing factors. 

Also the R value is not constant as one might presume from the paper. 
It holds true only when d’ equals 14 kd. The factors which influence the 
value of FR, and their effects are shown. 

The practicality of designing 100 percent of mid-span steel continuous 
into the supports is also discussed, and a way to overcome several difficulties 
presented. 


LIMITATIONS TO VALUE OF u 


The author’s formula for the term u to take advantage of the ACI Code 
allowance (Sec. 706) in regard to doubling the effectiveness of the compression 
steel is 

k —@f. d’ 


u= (2n — 1), where q 


k f, 7 d 


k q 2n l 
or, u = ~ ia, xX : (2) 
k rds 


The factor (k — q)/k)nf. represents the stress at the compression steel based 
on straight line relationship, and the factor (2n — 1)/nf, represents a con- 
version factor for transformed area. 

Now, according to the code, the stress at the compression steel is limited 
to f,/2 for the doubling factor to be allowed, and this substitution in Eq. (2) 
produces 

2n l 0.5 


= — asa limit for u.. (3) 
2n n 


Also, from (k — d’/d)nf./k = f./2, and f./nf. = (1 — k)/k, this permissible 


doubling of the effectiveness of the compression steel must be reduced when 


*ACI Journa, Nov. 1952, Proc. V. 49, p. 185. Disc. 49-13 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Instirute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 
tConsulting Engineer, Atlanta, Ga. 
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TABLE A—CORRECTIONS IN TABLE 1 


Values of u Values of u 
for fs = 20,000 psi for fs = 18,000 psi 


q < 0.105 q < 0.143 
by | > : tg 

3750 0.94 3750 0.94 
3000 0.95 3000 0.95 
2500 0.96 2500 0.96 
2000 0.97 2000 0.97 _ 


d'/d < 1.5k — 0.5 (or 0.105 for f, = 20,000 psi, and 0.143 for f, = 18,000 psi). 
Note that this value for f, = 18,000 psi is k/3. 

Likewise, as d’/d +0 the limit of the factor for effectiveness of compression 
steel = 2k/1 — k, or 1.35 for f, = 20,000 psi, and 1.50 for f, = 18,000 psi. 

Furthermore, the tabulated u values apply to all percentages of tension 
steel, not just 100 percent, as u is independent of the tension steel area. The 
100 percent for Professor Wasil’s example is contained in his use of 100 
percent of the positive moment which could just as well be used at 50 percent, 
for 50 percent of the tension steel into the supports. 


VALUE OF R (OR k) 


Fig. 1 shows jd as the distance from tension steel to resultant of compression 
of concrete alone, rather than of total compressive forces. This does not 
detract from the author’s method, as the accuracy is affected insignificantly, 
but it is well to understand wherein, and to what extent, design techniques 
are theoretically in error. 

A formula for the actual value of 7 can be readily determined, with u as 
a factor, permitting easy evaluation of the influence of the compression steel. 
Using 7’ and j as the notations with and without compression steel, and based 
on doubling the effectiveness of the compression steel, it is easily shown that 


k d'/d 
oe fe (2n — 1) p’bd (d'/d — k/3) 


pbdf, 


=j (4) 


Then substituting the value of u from Eq. (1) and using g = d’/d, we find 

(5) 
Note that for design purposes the ratio of the moment coefficients can be 
used for p’/p. 


From Eq. (5) it can be found that this correction for 7 is generally less 
than 2 or 3 percent and never more than about 5 percent. This suggests 
that there is no need to select u on the basis of concrete stress because of 
similarly small variations. 
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MID-SPAN STEEL CONTINUED INTO SUPPORTS 


The amount of steel that~should be carried into the supports becomes a 
real problem if a standard practice is to be established. The amount of 
steel in a beam stem can easily cause serious crowding and difficulties of 
placement of the steel at the supports. Stirrups must often be cut loose 
and construction joints in columns at beam soffits often show the effects of 
the crowding of bars. 

When two bars only are used for positive bending, one bar in each of two 
adjacent beams, and on opposite sides, may be terminated at a point around 
14 of the span short of the mutual support, with the other bars continuous 
through the supports to these points. This technique can be expanded for 
more than two bars with some extending over clear span only, or cut short, 
but the detailing and designing becomes increasingly complex. The writer 
has used this detail for up to three bars and believes that the most efficient 
and practical use offreinforcing steel lies in utilizing this technique. 


SUMMARY 

The u values in Table 1 should be corrected in part, and the heading revised 
to include any or all of the tension steel. There is no real need for using 
different values of u for different concrete stresses because of degree of accuracy 
needed for the design. The value of R as used is sufficiently accurate, but 
not exact. 

The influence of the percent of tension steel carried into the supports is 
not in u but rather in percent of the positive moment used for determining 
the section size at the support. 

The selection of how much tension steel can be extended practically into 
the support was discussed, and a method to overcome a number of difficulties 
presented. 


By JAMES M. PAULSON* 


The use of compression reinforcing in the interest of increasing the economy 
of continuous reinforced concrete beams is well founded and is advocated 
in classes in reinforced concrete design at Wayne University for cases similar 
to those mentioned by the author. The design of such reinforcing is governed 
by Section 706(b) of the ACI Building Code which states: ‘The effectiveness 
of compression reinforcement in resisting bending may be taken at twice the 
value indicated from the calculations assuming a straizht line relation between 
stress and strain and the modular ratio given in Section 601, but not of 
greater value than the allowable stress in tension.’”’ However, the limitations 
of the last clause in the above specification do not seem to have been con- 
sidered by the author in the development of his factor, w. 

The stress in the compression steel neglecting the effect of “plasticity” is 
as follows: 

. k — d'/d 

f'. = i nf. 


*Assistant Professor, Department of Civil Engineering, Wayne University, Detroit, Mich. 
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TABLE B—100 PERCENT TENSION STEEL CONTINUED INTO SUPPORT, 
PLASTICITY RECOGNIZED 


Values of u for fe = 20,000 psi Values of u for fg = 18,000 psi 

q | ( 

| 0.04 0.06 0.08 0.10 0.06 0.08 0.10 0.12 
f 


0.92 0.93 0.93 0.94 3750 0.92 0.92 0.93 0.93 
0.94 0.94 0.95 0.95 3000 0.94 0.94 0.94 0.95 
0.95 0.95 | 095 0.96 2500 0.95 0.95 0.95 0.96 
0.96 0.96 0.96 0.97 2000 0.96 0.96 | 0.96 0.96 


From specification 706(b) and Professor Wasil it follows that wu is as given 
by the author’s Eq. (2) when 2f’, is equal to or less than f,, the allowable 
stress in the tension steel. From the above equation for f’, it is apparent that 
there is a limiting value of d’/d at which 2f’, equals f,. 

fe = 20,000 psi 


d’ Ay 10,000 
~--okli-~— (0.403) {1 — ———) = 0.0104 
d nf, 13,500 


I, 18,000 psi 


d’ 9,000 
— = (0.429) {1 — — = 0.143 
d 13,500 


Therefore, when the value of d’/d is less than 0.104 or 0.143 for the above 
two cases, the effectiveness of the compressive reinforcement must be con- 
sidered as something less than twice the value indicated by the assumed 
“elastic”? conditions. This value becomes the ratio between f, and f’,. 

f 
k—d'/d 

nm 


— f, 
k 
Substituting this into the author’s original expression for the total com- 
pressive force developed by the compression reinforcement, we have: 


° , f, 
kd —a’\ — a ee a a 
=! a. = —* — 4. biked 


fd jd 
E é nf. 


Mp Mn ie 
amen a - — f. b’kd 
f.jd jd 2° 


2 k q\f 
- Mp = Mn Rb'd? 
f k Jf. 





a\f 
Mn l - |Mp 
i, Un — uMp 


b’d? = - 


k ( 
( 
R R 
k-—a@q\f 
cea 


Using this value of u, Table 1 would be corrected as shown in Table B. 


Where: u [ 





Title No. 49-14 


Effect of Time of Application of Sealing Compound 
on the Quality of Concrete’ 


By G. E. BURNETTt and M. R. SPINDLER 
SYNOPSIS 


Laboratory experiments with mortar specimens indicate an advantage for 
applying curing compound to unformed concrete at approximately the time of 
set. Loss of mixing water from evaporation up to this point is shown to be 
beneficial to strength and abrasion resistance. Subsequent loss is shown to be 
detrimental. The benefit from loss of water before set appears to be directly 
related to the decrease in water-cement ratio. 


INTRODUCTION 


Because the primary function of a sealing compound for curing concrete is 
to retain mixing water for hydration of the cement, it appears logical to 
apply the compound to unformed concrete (flatwork) as soon as possible after 
finishing. Usual procedure has been to apply the compound as soon as free 
moisture has disappeared and the surface is in suitable condition for effective 
bonding of the sealing film. This practice has been supported by early evi- 
dence showing that prolonged delay in applying sealing compound does lower 
the quality of concrete.{ 

Before the advent of air-entraining agents and their effect in reducing 
bleeding, sealing compound was probably applied in most cases at about the 
optimum time. Because of present-day reduction in bleeding tendencies and 
the general speed-up in construction operations, however, the question has 
been raised as to whether the compound might not be applied too quickly 
for best results. 

A preliminary investigation of the effect of early application of sealing 
compound in the Bureau of Reclamation laboratories seemed to disprove the 
theory that the more mixing water retained the better. It appeared that loss 
of mixing water through evaporation up to the time of set was beneficial at 
least to surface hardness as judged by abrasion tests. The results of these 
tests suggested the desirability of further investigation, which is detailed here. 


TEST PROCEDURE 


Mortar specimens, 6 x 12 x 2 in., were of the type specified in ASTM Desig- 

*Received by the Institute May 29, 1952. Title No. 49-14 is a part of copyrighted JournNaL or THE AMERICAN 
Concrete Instirute, V. 24, No. 3, Nov. 1952, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1953. Address 18263 W. Mc Nichols 
Rd., Detroit 19, Mich. 

+Members American Concrete Institute, Materials Engineers, Bureau of Reclamation, Department of the Interior, 
Denver, Colo. 

tMeissner, H. S. and Smith, S. E., ““Concrete Curing Compounds,”’ ACI Journat, May-June 1938, Proceedings 
V. 34, p. 549. 
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nation: C 156 for testing the moisture sealing efficiency of sealing compounds. 
The mortar consisted of portland cement, air-entraining agent, sand, and 
water, mixed in the proportions by weight of 1 part cement, 0.003 parts 
neutralized Vinsol resin, 2.2 parts sand, and 0.4 parts of water. The portland 
cement conformed to Federal Specifications SS-C-192, Type IJ. The sand was 
natural silica sand from Ottawa, Ill., graded to conform to ASTM Desig- 
nation: C 109-50. 

The specimens were placed in a hot room, maintained at 100 F and 21 
percent relative humidity, immediately after fabrication until removed for 
sealing compound application. All specimens were sealed around the edges 
at the junction of the mortar and the mold with a 3:1 mixture of Bexin and 
Vinsol resin just prior to application of the sealing compound or exposure to 
fog curing. 

White-pigmented sealing compound was applied to one specimen each at the 
following intervals after fabrication—immediately, 30 minutes, 1 hour, 1 
hour 40 minutes, 1 hour 50 minutes, 2 hours 30 minutes, 3, 4, 6, and 18 hours. 
The compound was applied in all cases by spraying at a coverage of 150 sq 
ft per gallon. In addition, one uncoated specimen was stored continuously 
in the hot room, and two uncoated specimens were subjected to continuous 
moist curing for 14 days at 70 F and 100 percent relative humidity. These 
two specimens were placed in the moist-cure atmosphere at approximately 
the time of set. 

Time of set was determined in accordance with ASTM Designation: C 229- 
49T, “Setting Time of Hydraulic Cement in Mortar.’’ This is indicated as 
the time at which a standard needle penetrates into the mortar 10 mm or 
less when released for 30 seconds. With this procedure the mortar specimens 
used in these tests required approximately 1 hour 40 minutes to attain set. 

In the cases of specimens coated immediately and 30 minutes after placing, 
the sealing compound film separated from the edge sealer at about 1 hour 
after the sealing compound was applied. This was due to the contraction of 
the compound film during drying as it was free to slide over the wet surface. 
To restore an effective seal for these specimens, the breaks in the compound 
film were resealed after 4 hours. No further separation occurred thereafter. 

Specimens coated with sealing compound and the no-cure specimen were 
stored continuously in the 100 F, 21l-percent relative humidity atmosphere 


for 28 days except for short intervals when the specimens were being weighed 


for moisture loss determination. Specimens which were moist cured at 70 F 
and 100 percent relative humidity were removed from moist curing after 14 
days and then stored in the 100 F, 21-percent relative humidity atmosphere 
for the remaining 14 days. 


MOISTURE LOSS 


€ 


Moisture loss measurements were made on all specimens at 1, 2, 3, 7, 14, 
21, and 28 days’ age. The results are shown in Table 1 and Fig. 1. As some- 
times occurs in tests of this type, a few anomalous results were obtained, as 
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TABLE 1—EFFECT OF TIME OF APPLICATION OF SEALING COMPOUND ON 
MORTAR SPECIMENS 


Time lapse 
between Moisture loss Moisture Approximate Total moisture Compressive 
finishing at time of loss water-cement loss, g Abrasion strength 
and application at time ratio ——= j- loss after after 
application of sealing of set, at time 28 28 days, zg | 28 days, psi 


of compound compound, a* £ of set ms ays ais lays | days 


“ i- —— —_ 


0 minutest 62 é .39 45 > | 59 83 s. 7144 
30 minutest 28 3% 38 53 | 66 87 é 73844 
60 minutes 50 Be 36 68 79 |} 99 3.4 $213 

1 hour 74 .30 85 | 92 105 2.5 S787 

40 minutes 

1 hour 9: 35 109 | 117 | 130 2.{ 8319 
50 minutes | 

2 hours 7 ) 35 108 | 126 | 156 3.6 8219 
30 minutes | 

3 hours 5 3: 160 | 

4 hours 2% 3! 129 | 136 | 149 é $225 

6 hours ) ) 35 199 | 210 | 230 6638 
18 hours 24! 3 258 | 269 | 285 8.0 4875 
No cure 3: 341 | 369 | 396 26 3606 
14-day fog 3! +15 |+19 84 9 8828 
cured | 


169 | 184 7793 


*Original weight of mortar in each specimen was approximately 5600 g, of which 620 g were water. 

tSealing compound separated from edge seal after 1 hour and specimen was resealed at 4 hours. 

{These values not actually determined, but taken to be approximately the same as for the 1 hour 40 minute 
specimen, 


will be noted especially in moisture loss measurements. Regardless, it is 
apparent, as expected, that total moisture loss is generally related to the 
time at which sealing compound was applied. 


ABRASION RESISTANCE 


Resistance to abrasion was determined following the 28-day exposure period. 
Tests were conducted on the coated surfaces of those specimens covered 
with sealing compound, and on the exposed surfaces of the no-cure and fog- 
cured specimens. Each specimen was subjected to grit blasting with the 
grit-blast nozzle held 2% in. from the surface, using 1000 grams of steel 
grit at 90 pounds air pressure. Each specimen was blasted in two spots 
approximately 2 in. from each end. 

It may be seen in Table 1 and Fig. 2, that although total moisture loss 
was less for the specimens to which the compound was applied immediately 
and after 30 minutes, abrasion loss was two to three times greater than for 
specimens coated at about the time of set. It is not considered that the 
compound softened the surface by reason of having applied it too early, 
because the compound floated on the surface due te the presence of free 
water. The benefit to abrasion resistance resulting from loss of water by 
evaporation before set is clearly indicated. 


COMPRESSIVE STRENGTH 


After completing the abrasion tests, two 2 x 2 x 6-in. specimens were cut 
from the center section of each block. These specimens were capped to 
insure a good bearing surface, and then tested in compression as modified 
cubes. The effect of time of application of sealing compound on compressive 
strength is shown in Table 1 and Fig. 3 





TIME OF APPLICATION OF SEALING COMPOUND 





~Approximatie time 
of set 


Fog cured specimens lost 19 grams 
No cure specimens lost 26.8 grams 


LOSS (grams) 


ABRASION 











2 10 12 4 
TIME ELAPSED BETWEEN PLACING OF MORTAR AND APPLICATION OF COMPOUND (HOURS) 


Fig. 2—Effect of time of application of sealing compound on abrasion resistance 


The specimens which were coated immediately and 30 minutes after fabri- 
cating retained a high percentage of mixing water for 28 days. However, 


the compressive strengths were considerably lower than those of specimens 
which had reached set at the time of application of sealing compound, even 
though these latter specimens had lost more mixing water. Thus, moisture 
loss through evaporation up to time of set is again indicated to be beneficial. 





Fog cured- e628 ps: 
No cure - 3606 ps 


OMPRESSIVE STRENGTH (PS!) 


Cc 


286 DAY 








2 « 6 8 Fa - 2 4 
TIME ELAPSED BETWEEN PLACING OF MORTAR AND APPLICATION OF COMPOUND (HOURS) 





Fig. 3—Effect of time of application of sealing compound on compressive strength 
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RELATION OF RESULTS TO WATER-CEMENT RATIO 


The apparent reason for improved quality where the application of sealing 
compound is delayed to about the time of set is that it results from the lower 
water-cement ratio derived from evaporation of mixing water while the 
mortar is still plastic. The correlation of reduction in water-cement ratio 
prior to set with increase in compressive strength is shown in Table 1 and 
Fig. 4. 


BOND OF THE SEALING COMPOUND COATING 


As mentioned before, sealing compound applied shortly after the concrete 
is placed shows a contraction of the entire mass of the film, because it is 
free to slide over the very moist surface. However, if cracks are resealed 
where separation of the coating develops, the film still provides an effective 
seal, as indicated in the moisture-retention tests. 

The compound film tends to become more firmly attached with time, but 
it does not attain as good bond as where the compound is applied at about 
the time the mortar has set. This may be seen in Fig. 5, where excess com- 
pound was removed by the abrasion tests in the case of specimens coated 
immediately after fabrication and 30 minutes after fabrication. 

Coatings on specimens placed outdoors in sunlight exposure for 28 days 
showed no tendency to peel or disintegrate regardless of the time of applica- 
tion of the compound. 


SUMMARY 


Recognizing that these tests are not exhaustive, the optimum time for 





Compound applied at 
ne min 


PSL) 


@<-Compound applied 
orinre 


GT 


Compound applied 
ot 30 min 


COMPRESSIVE STREN 


<--Compound applied 
immediately 
7000 











0.38 0.37 0.36 
APPROXIMATE WATER-CEMENT RATIO AT TIME OF SET 


Fig. 4—Increase in strength resulting from decrease in W ‘C due to evaporation before set 
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application of sealing compound to unformed concrete appears to be at the 
stage where the concrete reaches a set. Under the conditions of test it is 
indicated that application about 30 minutes before or after the time of set 
can be tolerated without seriously affecting strength and abrasion resistance. 

The advantages of delaying compound application appear to be directly 
related to the reduction in water-cement ratio due to evaporation of mixing 
water while the mortar is still plastic. 





Disc. 49-14 


Discussion of a paper by G. E. Burnett and M. R. Spindler: 


Effect of Time of Application of Sealing Compound 
on the Quality of Concrete’ 


By BRYANT MATHER, C. C. OLESON, and AUTHORS 


By BRYANT MATHER} 


The authors imply that their data indicate the desirability of a new 
approach to the question of when curing compound should be applied to 
unformed concrete surfaces. They state, correctly, the present approach: 
7 apply the compound as soon as free moisture has disappeared and 
the surface is in suitable condition for effective bonding of the sealing film.” 
They state their conclusion: “The optimum time for application of sealing 
compound to unformed concrete appears to be at the stage where the con- 
crete reaches a set.” Unfortunately, however, they fail to indicate wherein 
their approach differs from that used at present, and they fail to offer data 
on concrete. 

The conclusions reached by the authors are based entirely on tests of 
2 in. thick mortar specimens, made with Type II cement, entrained air, a 
water-cement ratio of 0.4 by weight, and stored at 100 F and 21 percent rela- 
tive humidity. For the particular mortar specimens and storage conditions 
used, set occurred in 1 hr 40 min, by which time the specimen had lost 74 of its 
original 620 g of water and then had a water-cement ratio of approximately 
0.35 by weight. The authors imply that they followed the requirements of 
ASTM Designation C 156-447 which provides for final finishing immediately 
after placing, since they refer to “time after finishing,” “time after placing,” 
and “time after fabrication” as apparently interchangeable terms. Their 
paper makes it clear that water was present on the surfaces of the specimens 
at least up to 30 min after “placing—finishing-fabrication.”’ 

Meissner and Smith in their 1938 paper, referred to by the authors, con- 
cluded that curing compound should be applied to unformed concrete surfaces 
immediately after finishing. This conclusion was based on tests of 1 in. 
thick concrete specimens, without entrained air, a water-cement ratio of 
0.58 by weight, and stored at 100 F and 21 percent relative humidity. Data on 
type of cement, time of set, amount and disposition of bleed water, or whether 
an appreciable time elapsed between placing and finishing, are not given. 

*ACI Journat, Nov. 1952, Proc. V. 49, p. 193. Disc. 49-14 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 
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The 1946 paper by Blanks, Meissner, and Tuthill' which describes develop- 
ments in this field at the Bureau of Reclamation between 1938 and 1946 is 
not cited by the authors. This paper refers to the deleterious effects of the 
early loss of mixing water by evaporation, the desirability of applying curing 
compound to unformed surfaces immediately after finishing, and recommended 
application to formed surfaces after the surface moisture film has disappeared. 

Corps of Engineers requirements provide that curing compound shall be 
applied to unformed concrete surfaces as soon after finishing as free water 
disappears. Rhodes and Evans? likewise conclude that curing compound 
should be applied as soon after finishing as surface moisture has disappeared. 
They note that undue delay produces excessive surface drying which may 
combine with temperature effects to crack the concrete and which also results 
in discontinuous films caused by the compound penetrating the concrete 
surface. Swayze,® while advocating a delay in initiating moist curing, is 
careful to specify that evaporation from the fresh concrete surface should 
be prevented after water from bleeding has been removed. Powers‘ calls 
attention to the fact that the benefits that might result from self-desiccation 
during early hours—the period of bleeding—would not apply to early loss of 
water by evaporation. 

It is believed possible that the apparent correlation between desirable 
qualities of the mortar and application of the curing compound approximately 
at the time of set may be a coincidence, depending on the characteristics of 
the particular cement, water-cement ratio, size of specimen, and exposure 
condition used. It seems likely to the writer that development of desirable 
properties in the mortar would be best promoted if the sealing compound 
were applied at the time when the bleeding water had just disappeared and 
there was free water immediately below the surface—that is, by use of the 
present generally accepted approach as to when to apply curing compound. 

The writer suggests that the authors’ data perhaps indicate only that the 
optimum time for application of sealing compound to unformed mortar 
specimens 2 in. thick, made with a particular Type II cement, entrained air, 
a water-cement ratio of 0.4 by weight, finished immediately after placing, stored 
at 100 F and 21 percent humidity, is approximately 1 hr and 40 min after 
placing. 


The data presented indicate the undesirability of application to a surface 


covered with water or to a surface that has become too dry. The attempt 


to relate the desirable intermediate stage either to time after placing or to 
time of set is unjustified in the writer’s view. It is his opinion that, to take 
the extreme cases, the optimum time for application could be either as soon 
as possible or indefinitely delayed. In the case of a concrete mixture which 
bleeds excessively, placed under conditions of very high relative humidity, it 
would be useless and uneconomical to apply compound until the surface 
water has evaporated—which might not be for several days. In the case 
of a concrete mixture that bled little, placed under hot arid conditions, it would 
be harmful to delay application after the surface moisture had disappeared 





TIME OF APPLICATION OF SEALING COMPOUND 


even though set was not reached. 

The writer does not find in the paper data to disprove the validity of the 
“usual procedure’ 
that the critical consideration in determining the optimum time for application 


’ 


nor data to support the authors’ conclusion. It is believed 


of curing compound to unformed concrete surfaces is the moisture condition 
of the surface. It is unfortunate that the authors did not present data on 
the moisture condition of the specimen surface at the time of application 
of the curing compound. It is also regretted that no data are offered to indi- 
cate how much of the moisture lost before application was bleed water. ‘To 
this reader of the paper, it appeared that once the authors had stated the 
present procedure—in the second sentence of their introduction—they then 
failed to consider or evaluate it; in any case it does not appear that they 
have disproved it. 

It might also be noted that: (a) the procedure of finishing the surface im- 
mediately after placing is somewhat abnormal for concrete, (b) that evapo- 
ration of bleed water will be at a different rate in the 100 F and 21 percent 
relative humidity condition employed than in other conditions, and (c) that 
bleeding would differ in rate and amount with specimens of different water- 
cement ratio, cement, air content, and thickness. Attention is also invited 
to Powers’ conclusion that a test specimen for evaluating a curing compound 
should have about the same water-cement ratio as that of the concrete to be 
cured in the field. 

A recent paper® by Bailey Tremper, in which results of tests on concrete 
rather than mortar are reported and which is free of the features apparently 
overlooked by the authors, contains the following pertinent remarks (the 
italics are by the writer). 

*. evaporation of water is beneficial during the period that the con- 
crete is plastic and is bleeding due to the settlement of the solid particles. 
This process continues under the conditions of the tests for about 3 hr. At the 
conclusion of this period, if further loss of water is not prevented, the resulting 
strength of the concrete is seriously impaired.... Loss of strength due to 
applying the curing compound too early....may be due in part to a faulty 
membrane on a surface that is too wet....the concrete contained 1-in. 
maximum size of aggregate.... The optimum time of applying the curing 
medium probably varies, within limits that are not too wide, according to 
the materials used, the consistency of the concrete, the depth of the section, 
and the availability of external moisture.... Regardless of what may appear 
to be mitigating circumstances, it is a good rule to follow that intentional 


curing should start immediately after the water sheen has disappeared from the 
surface.” 
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By C. C. OLESON* 


Laboratory experiments with mortar specimens reported by the authors 
indicate an advantage for applying the curing compound to unformed 
concrete at approximately the time of set. Loss of mixing water from evapo- 
ration up to this point is shown to be beneficial to strength and abrasion 
resistance. Subsequent loss is shown to be detrimental. The benefit from 
loss of water appears to be directly related to the decrease in water-cement 
ratio. 

These recommendations and conclusions appear to be in general ‘agree- 
ment with the findings of other investigators, and with good practice. It 
should be pointed out, however, that in construction practice there may be 
certain conditions where a departure from the above recommended time of 
application is not only desirable, but may actually be mandatory to prevent 
greater potential damage to the concrete than would occur because of the 
deviation from the specified optimum time. The development of plastic- 
shrinkage cracking in the surface of unformed concrete is a typical example. 

Observations made during construction of a runway for a major airport 
will serve to illustrate the point. During periods of low relative humidity, 
high ambient temperature, and drying winds, a large number of typical 
plastic-shrinkage cracks developed in the surface of the runway slab before 
application of curing compound although the compound was being applied 
as soon as specified construction activities would permit. It was found that 
under the existing conditions, further development of plastic-shrinkage 
cracking was not halted by application of the compound. The record shows 
that the elapsed time after mixing the concrete until it was covered with 
curing material was generally less than 2! hr, the actual time being controlled 
by the development of sufficient stiffness in the concrete so that it could be 
edged at the joints. This would appear to conform substantially with the 
optimum (time of set) suggested by the authors. 

It was observed that the cracking could be eliminated without making 
any change in cement or aggregates, but rather by applying the curing com- 
pound early enough and in sufficient amounts to prevent evaporation of 
normal bleeding water. Where application of curing compound was delayed 
until the concrete began to harden (about 2!5 to 3 hr after mixing), evapo- 
ration appeared to take place faster than normal bleeding could supply water 


to the surface, and the resultant drying action apparently set up shrinkage 


*Principal Research Engineer, Portland Cement Assn., Skokie, Il. 





TIME OF APPLICATION OF SEALING COMPOUND 


Fig. A—Adequate amount of 
curing compound applied 1 hr 
after placing concrete prevents 
loss of bleeding water and for- 
mation of plastic-shrinkage cracks 


forces that caused cracking. On the other hand, where an adequate amount 
of curing compound was applied in less than an hour, the bleeding water was 
prevented from evaporating (as shown in Fig. A) and no plastic-shrinkage 
cracking occurred. 

Fig. B shows the effect of delaying application of curing compound on a 
20-ft test panel between two transverse contraction joints. In the right 
foreground, the pavement was covered with curing compound 55 min after 
placing. This portion is free of plastic-shrinkage cracking. The initial 
membrane application was discontinued at the transverse joint, which appears 
in the photograph as a diagonal shrinkage crack. ‘The portion of the slab 
just beyond the transverse joint was covered with curing compound 2 hr 
after placing. It is a virtual maze of random interconnected plastic-shrinkage 


cracks, with a major crack following the longitudinal centerline parting 
strip. The single variable in this case was the time of application of curing 
compound. 

The above study indicated that on this project the choice of alternatives 
was between: (a) the,continued application of curing compound at the 


Fig. B—Severe plastic-shrinkage 
cracking at and beyond trans- 
verse joint in area covered with 
curing compound 2 hr after 
placing concrete. No _ plastic- 
shrinkage cracks in foreground 
area, covered 55 min after placing 
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optimum time (as indicated by the Burnett-Spindler paper) accompanied 
by the formation of plastic-shrinkage cracking; or, (b) the application of 
curing compound at a much earlier period in the hardening of the concrete, 
with elimination of the plastic-shrinkage cracking—even though such a 
procedure might result in some lowering of concrete quality, according to 
the data in the authors’ paper. 

In this case, the decision was made to change from a transverse joint that 
required hand finishing to one that required no edging, and to apply curing 
compound immediately after final belting. 

The importance of an adequate amount of curing compound cannot be 
overemphasized, since there was ample evidence to show that early appli- 
‘ation of an inadequate amount of the membrane was not effective in stopping 
plastic-shrinkage cracking. The necessary amount of the application is 
determined by the relative water retentivity of the curing membrane. 


AUTHORS’ CLOSURE 


It appears to the authors that we have no real difference with Mr. Mather 
as to the best time generally to apply curing compound to unformed concrete. 


He says it is the time when bleeding water has just disappeared and there is 


free water immediately below the surface. The authors found it to be at 
approximately the time of set. Ordinarily these conditions will develop at 
close to the same time. The point is that while settlement and bleeding 
are going on and until the concrete attains a set, moisture lost through evapo- 
ration is beneficial. In the past, the principal concern has been only to make 
sure that curing compound is applied as early as possible. Today, machine 
placing operations may be speeded to the point where the compound might 
easily be applied too soon for best results, particularly when bleeding water 
is kept to a minimum by the use of an air-entraining agent. 

Mr. Mather refers to Bailey Tremper’s tests. Recognizing that mortar 
does not behave exactly as concrete, it is important to note that Tremper’s 
results with concrete specimens in effect confirm the authors’ results with 
mortar specimens. 

The authors wish to thank Messrs. Oleson and Mather for pointing out 
certain circumstances under which it may be desirable to apply the compound 
either before or after the concrete has attained a set. 
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Development of a Device for the Direct Measure- 
ment of Compressive Stress’ 


By ROY W. CARLSON and DAVID PIRTZt 


SYNOPSIS 


Describes the development, analysis, and testing of a device called a “stress 
meter”? which measures compressive stress in concrete more or less directly. It 
shows that it is possible to make an embedded device which at all times regis- 
ters very nearly the same stress as the surrounding concrete, regardless of the 
deformations, and it reports tests wherein stress meters embedded in a con- 
crete specimen were shown to be practically insensitive to creep under sus- 
tained load and to maintain the same zero-stress reading when the specimen 
was subjected to a variety of conditions. The stress meters also indicate very 
nearly the correct stress when loaded at various ages, although the modulus of 
elasticity of the concrete changes markedly. 


INTRODUCTION 


A knowledge of actual stresses in a structure is of first importance because 
practically all designs are based upon computed or predicted stresses. A few 
structures would be designed for greater strength and safety than they are 
now if their internal stresses were known. Numerous others unquestionably 
are now being designed for far greater strength than is necessary. Consider 
Shasta dam, for example, where stresses determined from actual measure- 
ments are far different and more conservative than was expected from the 
design.§ And yet a reputable engineer cannot economize on an important 
structure simply because the factor of safety is thought to be large. When 
such time arrives that actual stresses can be measured more readily and 
checked periodically, economy will be effected in many structures, and safety 
will be more sure. 

The direct measurement of compressive stress within a body of concrete 
was believed possible more than a quarter of a century ago, although not 
by everyone. While attempts at methods of more or less direct measure- 
ment of ‘stress were meeting one obstacle after another, the easier method 
of measurement of deformations in structures of all kinds was being resorted 
to more and more. The present practice of measurement of deformations has 
~ *Received by the Institute July 31, 1952. Scheduled to be presented at the ACI 49th annual convention, 
Boston, Mass., February 17-19, 1953. Title No. 49-15 is a part of copyrighted JounNAL oF THE AMERICAN CON- 
crete INstiTUTE, V. 24, No. 3, Nov. 1952, Proceedings V. 49. Separate prints are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Mar. 1, 1953. Address 18263 W. Mc Nichols 
Rd., Detroit 19, Mich. 

+Member American Concrete Institute, Consulting Engineer, Berkeley, Calif. 
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§Raphael, J. M., ““The Development of Stresses in Shasta Dam,” Proceedings, ASCE, Separate No. 117, Feb. 
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become deep-rooted, while it is possible that the last serious obstacle to the 
more direct stress measurement now has been overcome. The purpose of 
this paper is to review what has been accomplished toward the method of 
more direct measurements. 

A device which permits the measurement of compressive stress in a body 
of concrete or soil is called a stress meter. Thus, it is different from a strain 
meter,* which does not measure force at all but, instead, measures length 
change due to all causes, including stress. The most common ultimate purpose 
of both the stress and the strain meter is to determine stress. In the case of 
the strain meter, observed length changes must be converted into stress 
with the help of analyses and laboratory tests so as to take account of changing 
properties, creep, volume changes, etc. The stress meter, on the other hand, 
is intended to be insensitive to extraneous deformations but fully responsive 
to compressive stress and to indicate very nearly the true stress at all times, 
without any analysis. 


CONCEPTION OF THE STRESS METER 

Active work on the development of the stress meter began in 1926, when 
strain measurements in the Stevenson Creek Experimental Dam emphasized 
that the observed length changes did not bear a close relationship to the 
actual stresses and failure of the concrete. It was thought that a device 
might be designed which would respond substantially only to compressive 
stress and would be little affected by “free”? volume change due to creep, 
chemical growth, temperature change, and gain or loss of moisture. 

It was apparent from the beginning that a long, rod-shaped device would 
not be acceptable, even if it had the same modulus of elasticity as the con- 
crete. Not only would such a device fail to take account of the modulus 
of elasticity changing with age, but also it would respond when the concrete 
expanded or contracted due to a variety of causes other than stress. In- 
stead, it was apparent that if a device were in the shape of a plate and had a 
reasonable compressibility, the stress through the thickness of the plate 
would have to be nearly the same as that in the neighboring concrete at all 
times, in order to preserve force balance. The plate would have to be thin 
and would have to be of approximately the same compressibility as the con- 
crete. Such reasoning clamored for analysis, in order to prove to what ex- 
tent a plate-like device would be free from extraneous deformations and, 
more specifically, how closely would the compressibility have to match that 
of the concrete and how thin would the plate-like device have to be. Strangely 
enough, a dozen years elapsed before any except elementary analyses were 
made. The desirability of the analyses for proof was never doubted, but first 
came the development of a thin device with reasonably low compressibility 
and easily measurable response. This development was slow because the 
several requirements were difficult to fulfill and the work was done on a 
spare-time basis. 


*For a description of the strain meter, see ‘‘Five Years Improvement of the Elastic Wire Strain Meter,” by R. W. 
Carlson, Engineering News-Record, May 16, 1935. 
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The designing of the stress meter consisted of two steps. First, it was 
hoped to conceive an elastic plate of such shape and compressibility that 
when it was embedded in a body of concrete the stress through the plate 
would always be about the same as that in the surrounding concrete. Second, 
it was hoped to design a detecting device which would indicate the stress in 
Assuming that the first goal was accomplished, the de- 
tecting device would then indicate also the stress in the surrounding concrete. 


the elastic plate. 


The measurement of stress in an elastic plate is simple compared to that of 
stress in concrete, because the elastic plate would not necessarily shrink 
Thus, the “trick’’ 
meter was to transfer to an elastic plate the stress from the surrounding 


or creep or be subject to chemical actions. of the stress 
concrete or soil, without transferring the bothersome effects of shrinkage, 
creep, changing elasticity, ete. 


ANALYSIS OF STRESS-METER PERFORMANCE 


The general problem of analysis to determine suitability of a stress meter 
was that of comparing the stress through an embedded plate with the stress 
in the surrounding mass of concrete. 

The analysis was reduced to that of an elastic plate embedded in an in- 
finite, elastic solid, because the worst case was a large mass of concrete which 
could be assumed to be infinite in extent. 
was assumed to be symmetrical about a plane through the mid-thickness of 


For purposes of analysis, the plate 


the plate. Such a plane was assumed to be cut through the plate and surround- 
ing concrete before a shrinkage or extraneous deformation of the concrete 
occurred, as in the first sketch of Fig. 1. 
be due to a difference in compressibility of plate and surrounding concrete; 


The extraneous deformation might 


the analysis was similar for all cases where the plate and concrete tended to 
deform differently. 
in the second sketch of Fig. 1, since the plate did not shrink. 
forces necessary to restore the plane would represent the forces which would 


After the shrinkage, the plane would be discontinuous as 
The balanced 
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Step 1—Before concrete shrinkage has occurred, 

concrete and stress meter plate are cut through 

mid-thickness to produce a semi-infinite solid 
bounded by plane 
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Step 2—Concrete has contracted; half plate is 

no longer in cut plane but extends out 24.5 

microin. in this example (see Table 3). Con- 

crete contraction is shown exaggerated for 
clarity 


Step 3—Forces are applied to restore the plane, 
tension in the concrete and compression on the 
plate. The total force on the plate is 483 Ib as 
compared with 196 psi or 6762 Ib which would 
have been required to produce a bodily com- 
pression of 24.5 microin. in the half plate. The 
difference is due to the accommodation offered 
by the deformable concrete behind and around 
the half plate, making it unnecessary to com- 
press the plate bodily. In this example, the 
response, or “‘error,"’ due to the extraneous 
deformation is 483 divided by 6762, or 7.1 


percent 


Fig. 1—Steps in stress-meter analysis 
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have occurred if the plane had not been cut, as in the third sketch of Fig. 1. 
This followed because, in the solution for a local disturbance in an elastic 
solid, the conditions which had to be fulfilled were force balance and con- 
tinuity. Force balance was achieved by adjusting the compression on the 
plate to equal the tension in the surrounding concrete, at the same time 
restoring. the plane surface for continuity. The compression on the plate 
would be indicated by the stress meter as an error, since the local disturbance 
due to the extraneous deformation was an alteration of the main stress field, 
and this alteration had to be accepted as an error. If the forces thus imposed 
on the plate by shrinkage of the concrete were small, the stress meter would be 
considered to be largely independent of such extraneous deformations and 
therefore satisfactory. 

The actual procedure of computing the forces was similar to the trial- 
load method used in designing dams. The deflections of the plane surface 
due to unit, ring-shaped loads at different distances out from the center of 
the plate were computed by considering the cut concrete and half plate as 
a semi-infinite elastic solid and applying elastic theory. Then, different 
combinations of these unit loads were applied until the additive deflections 
were uniform over the plate and maintained zero over the concrete around 
the plate. Thus, the half plate was pushed back into the plane again and 
the surrounding concrete was held plane, thanks to the compensating effect 
of the specific pattern of tensile forces induced in the concrete. When the 


particular patterns of stress were found which would restore the plane, the 
average of the compressive force on the plate was taken as the modification 
of stress, or “error” in the stress meter. The goal was to keep this modifica- 
tion or error within 5 or 10 percent of the corresponding applied stress which 
would be required to produce a strain equal to the shrinkage. On this basis, 
if a strain meter (in the shape of a rod) were endowed with the same elastic 


modulus as the concrete and used as a stress meter, it would register an “error” 
due to extraneous deformations of about 98 percent, instead of the 5 or 10 
percent expected of a stress meter (in the shape of a plate). Of course, this 
means that this strain meter might be 98 percent perfect for its intended 
use of measuring the deformations. 
Summary 

A fuller description of the analyses of stress meters is presented in the 
Appendix, including sample computations. However, the principal results 
of the analyses are summarized here for convenience. In the following 
summary, the so-called “error” is the relation between the small force found 
to be imposed on the plate and the corresponding, larger force which would 
have been imposed if the* plate had possessed no immunity from extraneous 
deformations. To avoid confusion, the error as defined is often called the 
dependence factor. In cases where both shrinkage and difference in elastic 
moduli prevail, the extraneous deformation must be taken as the algebraic 
sum of deformations from the two sources. 


1. A thickness-to-diameter ratio of 1:15 leads to an error of approximately 7 percent; 
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in contrast, a device which has a thickness equal to its diameter responds by more than 
30 percent to extraneous deformations, for a more than 30 percent error. 

2. The compressibility of the stress meter can approach zero without introducing 
serious error; but conversely, it should not be much more than twice that of the sur- 
rounding concrete, for as the compressibility increases beyond double, the error increases 
at an alarming rate. 

3. For a stress meter of nonuniform thickness, the effect of added thickness is far more 
damaging around the periphery than near the center of the plate. 


DEVELOPMENT OF THE DEVICE 


The first aim was merely to make a plate-like device which could be thin, 
responsive to applied stress, and capable of being read at a distance. Some 
kind of electrical response was indicated, and various schemes, using re- 
sistance, capacitance, and inductance were considered. One resistance device 
which gave a large output but had doubtful reliability consisted of an elastic 
plate with recesses filled with granulated carbon. Upon application of com- 
pression, the plate was supposed to compress uniformly and cause a repro- 
ducible change in electrical resistance of the granulated carbon. Another 
device, which continues to bear promise, consisted of a pair of thin steel 
plates, closely spaced and separated only by insulating coatings and a con- 
tinuous strip of thin, soft metal, which meandered over most of the area 
between the plates. The plates were held together by atmospheric pressure, 
being sealed at the edges, and thus there was an initial load of 15 psi on the 
soft metal strip. Additional compression caused the resistance of the soft 
metal to decrease. Advantage was taken of the extraordinary resistance 
change due to stress in certain soft metals. However, this device had serious 


disadvantages because of poor stability upon repeated loading, and a large 


temperature effect. 

The type of stress meter which won out over all others was essentially 
a pair of steel plates separated by a mercury film, with means for measuring 
the fluid pressure of the mercury. The steel plates were welded together 
at the rim to confine the mercury, and the means for measuring the fluid 
pressure Was a small strain meter mounted so as to measure the elastic de- 
flection of a small diaphragm actuated by the fluid pressure. The function- 
ing of the device may become clear after examination of Fig. 2, which shows 
the details in cross section. The device is in a sense a hydraulic multiplier, 
since the pressure applied to the faces of the large diaphragm compresses 
it only slightly, but through the help of the mercury film deflects a smaller, 
internal diaphragm about 50 times as much. This arrangement solves one 
of the most persistent problems, which is to keep the compressibility of the 
main diaphragm nearly as low as that of an equal thickness of concrete and 
vet obtain a satisfactorily large response for measurement. The least reading 
of deflection of the internal diaphragm in the present stress meter is about 30 
microin. when using a portable testing set such as that commonly used for 
strain meters. The range is usually about 125 least readings, which corre- 
sponds to about 800 psi unless higher range is specified. When examining 
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Fig. 2—Cross section of stress meter 


Fig. 2, it should be observed that the strain unit mounted on one face of 
the main diaphragm is covered with fabric before use. This keeps it free 
from interaction with the concrete and produces in effect a void of less than 
L sq in. in section, which is tolerable. Similarly, the outer edge of the plate 
is covered with fabric also, to allow freedom for the slight flexibility necessary. 
The covering of both the rim and the strain unit may be seen in Fig. 3, which 
is a photograph of a stress meter ready for use. 


EARLY DIFFICULTIES 


Several difficulties appeared as obstacles in the performance of early stress 
meters. About 20 years were spent in overcoming these obstacles and im- 
proving the meters. ‘The several difficulties were (1) an unexpectedly large 
temperature effect, (2) a discrepancy between the calibration in a testing 
machine and that of the embedded instrument, (3) occasional evidence of too 
high compressibility, (4) some sealing-chamber leakage, and (5) in several 
cases an apparent lack of good contact between the diaphragm and under- 
lying concrete. 
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Fig. 3—Stress meter ready for use 





Temperature correction 

There are three temperature effects in the stress meters, two of which 
are fully compensated. The effect of temperature upon the electrical resist- 
ance in the strain unit is eliminated by utilizing the ratio of resistance of the 
two strain-meter coils. The effect of temperature upon the dimensions of 
the strain-meter frame is compensated by making all of the essential parts, 
including the resistance wire and cover tube, of steel. But the tendency of 
the thickness of the stress meter to increase against the restraining effect of 
the adjoining concrete is not eliminated. In early tests of embedded stress 
meters, a large compressive stress was indicated whenever the temperature 
was raised. Much of the unexpectedly large temperature response was due 
to a triple effect of the large thermal expansion of mercury. The mercury 
film in the first stress meters was about 0.06 in. thick, and the effective ex- 
pansion was about 13 times that of an equal thickness of steel. The reason 
for the large expansion was that the mercury was restrained laterally by the 
steel plates of the diaphragm, and consequently nearly all of the cubical ex- 
pansion of the mercury tended to spread the plates apart. The net result 
was a temperature correction of 3 to 6 psi per degree F. The values were 
somewhat higher than computed on the basis of multiplying the extraneous 
deformation by the modulus of elasticity and by the dependence factor. No 
better liquid was found, since other liquids expand even more, so the mercury 
film was reduced to about 0.01 in. in a continuing effort to reduce the 
temperature correction. This brought the correction to approximately 2 psi 
per degree F, which was about double the theoretical value. 

A possible explanation of the abnormal temperature effect in the stress 
meter came from considering the radial force on the main diaphragm. It was 
customary to leave the shoulder rim of the upper plate of the stress meter 
exposed so that concrete was cast against this outer edge as well as against 
the top and bottom faces. It was reasoned that the steel, in tending to ex- 


pand slightly more than the surrounding concrete, would be compressed 
radially when the temperature rose. Then the internal diaphragm in the same 


plane would have its transverse deflection magnified and a too-large com- 
pressive stress would be indicated. In order to explore this possibility, two 
tests were made of stress meters prepared as in Fig. 3, with no shoulder exposed 
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to the concrete, and embedded in large concrete cylinders. In both of these 
tests the temperature correction was low and substantially in accordance 
with the theoretical expression below. This expression is simply the ex- 
traneous deformation (difference between expansion of a unit thickness of 
diaphragm and an equal thickness of concrete) multiplied by the modulus 
of elasticity and the dependence factor. Thus, the correction in psi per 
degree F is 


~ [(807/D + 6.7) 10 — K] EF 


Where 
‘i thickness of mercury film, in. 
D = thickness of composite diaphragm, in. 
E modulus of elasticity of concrete, psi 
K coefficient of expansion of the concrete 
F dependence factor of the stress meter (about 0.07) 

The temperature correction for a present stress meter embedded in average 
concrete is only about 1 psi per degree when the outer shoulder is shielded 
from the concrete, as in Fig. 3. 

Calibration difficulties 

The calibration of the early stress meter was especially difficult, because 
not only was the upper face interrupted by the strain-meter unit but also 
there was a beveled portion near the center which tended to prevent uniform 
application of load. When the load was not applied uniformly to the faces 
of the diaphragm, bending strains were introduced which caused extra- 
ordinary deflection of the internal diaphragm. The usual procedure was to 
bed the underside of the stress meter onto a heavy steel plate with plaster 
of paris, and to apply load to the ring-shaped outer portion of the top sur- 
face through the use of a hollow cylinder: surrounding the strain-meter unit 
and the beveled portion. When loaded thus in a testing machine, each psi of 
load caused more response than did an equal stress later when the same meter 
was embedded in a large concrete cylinder. Also, the calibration in a test- 
ing machine varied somewhat, depending upon the technique used in bedding 
the bottom and adjusting the hollow cylinder on the top surface. 

A change in design was then made to eliminate the beveled portion of the 
top surface. The upper plate of the stress meter was made thicker, and the 
internal diaphragm was made smaller. These changes greatly simplified the 
calibration and produced the same results before and after embedment (for 
example, see results for two stress meters in Table 1). Although there was a 
moderate sacrifice in sensitivity and the thicker stress meter was not quite 
as independent of extraneous deformations, the compressibility was favorably 
reduced, the device became more rugged, and the calibration difficulties 
were removed at the same time. The sensitivity reduction was not serious, 
because the stress meter was still several times more sensitive to stress than 
was the usual strain meter to a corresponding strain. 

Control of compressibility 
The compressibility of early stress meters was higher than computed. 
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This was first suspected when the results on embedded meters were found to 
be relatively poor for quick loading of high-modulus concrete, and it was 
proved later by compressibility tests on bare meters. The compressibility 
was difficult to measure, because the early stress meter was less than 0.4 
in. thick and this dimension was not expected to compress by more than 0.2 
microin. per psi. Also, before embedment, the two plates of the relatively 
flexible stress meter were practically floating on a film of mercury, and this 
made it more difficult to measure the average reduction in thickness of the 
composite diaphragm. After trying many schemes with poor results, an 
interferometer technique was developed with which it was possible to observe 
the average compressibility through a window of a compression chamber, while 
the stress meter was being loaded pneumatically. In general, the compressi- 
bility of early meters was largest for small stresses, and it diminished to the 
computed value as the intensity of the load increased. This indicated either 
that there was air entrapped with the mercury, or that the mercury was being 
squeezed into better contact with the steel as the pressure was increased. 
While some of the early meters were found to contain entrapped air, too high 
compressibility at low loads still remained when diaphragms were filled under 
extremely high vacuum. The performance was improved by plating the 
inner steel surfaces with a chosen metal, such as silver, which is easily wetted 
by mercury. Also, good performance was obtained by coating the steel 
surfaces with a treated oil before filling with mercury under vacuum. Cur- 
rently, all diaphragms are (1) treated to avoid the effects of high surface 
tension between mercury and steel, (2) filled while under a high and measured 
vacuum, and (3) measured for compressibility with the interferometer-pneu- 
matic technique mentioned above. 


Sealing chamber leakage 

No response was registered by some early stress meters embedded in 
concrete and subjected to pore pressure near the upstream fave of Shasta dam. 
These meters used insulated screws to carry out the electrical circuit from 
the elastic coils of the strain-meter unit. Leakage was not expected because 
the sealing chamber was filled with a plastic sealing compound, covering the 
screws. It was apparent that if there were leakage at the screws, however, 
the stress meter would indicate little or no stress, since the pressure would 
be equalized on the opposite sides of the responsive diaphragm. After such 
behavior was found, it was confirmed by tests in a pneumatic chamber, the 
screws were eliminated, and glass-insulated terminals were substituted. 
From that time on, all stress meters were pretested in the pneumatic chamber 
before use. 


Embedment technique 


Good contact between stress meter and underlying concrete was not always 


obtained in early installations. This was especially true with meters placed 
horizontally to measure vertical stress. In view of the fact that the allow- 
able compressibility of the diaphragm thickness was reckoned in microinches, 
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a perceptible void between diaphragm and concrete could not be tolerated. 
Customary bleeding tended to produce a water film on the underside of the 
diaphragm. When such a film existed, the stress meter responded only 
partially to applied stress, with worst performance occurring at low stresses. 
After a few cases of such behavior were encountered, a simple modification 
in embedment procedure was adopted which practically guaranteed good 
contact between diaphragm and concrete. The underlying concrete was 
allowed to harden at least long enough for bleeding to be fully stopped be- 
fore setting the stress meter. The diaphragm was bedded onto the underlying, 
hardened concrete with the aid of a thin film of plastic mortar before covering 
with fresh concrete. No further trouble due to poor contact was encountered. 


ACTUAL PERFORMANCE OF IMPROVED STRESS METERS 


Many tests have been made of stress meters embedded in large concrete 
cylinders, the most recent tests being at the University of California in 1951 
and 1952. Although both were successful, only the 1952 test is described 
here, since it alone involved the thicker stress meters which had the advan- 
tages of ruggedness, easy calibration, and low compressibility. 

In a 30 x 60-in. cylinder of concrete were embedded two stress meters, 
two strain meters, and three resistance thermometers. The concrete was of 
a “gravity dam” composition, containing 2.7 bags of low-heat cement per 
cu yd, having a maximum aggregate size of 1'% in., and being cast at 52 F. 


The temperature of the air around the specimen was controlled slightly 


below that of the concrete to avoid reaching too high a temperature and yet 
avoid also the development of serious and unknown initial stress due to non- 
uniform temperature. It was thought that the stress meters should reveal 
whatever stress might be present, but for test purposes it was essential to 
deal only with known stresses. 

At the age of 21 days, the first load test was made in the 4,000,000-lIb. 
testing machine at the University of California. At this time, the temperature 
was 65.2 F and the specimen was wax-coated to prevent gain or loss of mois- 
ture. Both stress meters indicated substantially zero stress at the beginning 
and end of the load test, using as a reference the zero readings taken before 
embedment (Table 1). During the loading to 500 psi, which was done in 
small steps, both stress meters exhibited a linear relation between applied 
load and indicated load. Stress meter No. 1 contained the larger internal 
diaphragm and was therefore more compressible. As a consequence, it in- 
dicated a few percent less than the applied stress, in accordance with the error 
to be expected because of the extraneous deformation. The compressibility of 
the other stress meter was lower (equivalent modulus of elasticity 2,700,000 
psi), and it indicated almost exactly the applied stress at every increment of 
load. The strain meters, on the other hand, showed a nonlinear compression, 
with some irregularity due to the fact that they were not nearly as sensitive 
as the stress meters. 

At the conclusion of the first quick-loading test, a load of about 250 psi 
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TABLE 1—CONDENSED RECORD OF STRESS-METER PERFORMANCE IN 30 X 60-IN. 
CONCRETE CYLINDER SUBJECT TO A VARIETY OF CONDITIONS 


Meter 
Meter No. 2 No. 1 


Resis- | Change | Indi- Temperature | Tem- 
tance in re- cated deg. F perature Cor- Cor- 
ratio sistance | stress - cor- rected | rected Conditions 
ratio Ac- Chg. rection stress stress 
tual 


9 


2 K § 11 
OO15 ; Reference condition 
0016 + 5 Specimen sealed, curing 
0017 Specimen sealed, curing 
0017 + § 5 § + j Before Ist load test 
9924 i Loaded in testing machine 
9971 Begin, sustained loac 
9965 End, sustained load 
OO12 ; 5 i4 3 15 No-load conditior 
9920 § ‘ 2nd loading to 500 psi 
0012 : 5 |4 3 fi No load, uniform temp 
0003 j +: . Heated uniformly to 100 F 
OO14 5 7 ) § f Cooled uniformly to 70 1 
0002 Heated uniformly 
0012 Cooled uniformly 
OO14 + - 5 0 No load, uniform temp 
oo14 § : 7 +15 l sefore load test 
9925 ‘ +15 150 § rd loading to 500 psi 
OO15 7 é . 10 No load, uniform temp. 
9926 7 d + ‘ 443 § ith loading to 500 psi 

1.0015 67 3 + 7 10 Zero load, end of tests 


COL. 2: tesistance ratio of strain meter unit of stress meter No. 2, as measured with special testing set reading 
directly to 0.0001 

COL, 3: Change in resistance ratio, decimal omitted 

COL. 4 Indicated stress, which is merely the change in ratio (Col. 3) multiplied by the calibration constant 
(5.35 psi per 0.0001 

COLS. 5 and 6: lemperature and change, respectively, referred to temperature at age 1 day as a base lem- 
perature corrections cannot begin until concrete becomes elastic enough to restrain diaphragm, but precise choice of 
reference is not important 

COL. 7: Temperature correction, an empirical value found by repeated trials while a logical derivation of 
temperature correction is being sought. Corrections for meters 1 and 2 are 2.2 and 2.1 psi per degree F, respectively 

COL. 8: Corrected stress, found by adding the correction in Col. 7 to the indicated stress in Col. 4 \ positive 
stress is compression here 

COL. 9: Corrected stress as revealed by stress meter No. 1 for comparison. Meter No. 1 differs from No. 2 
mainly in being more compressible, actually more than twice that of the concrete, thus being less favorable 

(OL. 10 Applied stress which is zero at all times except when specimen is loaded in testing machine 


was applied and sustained for 19 days. During this time the strain meters 
showed a progressive increase in contraction reaching 51 microin. per in., 
corresponding to about 200 psi in the stress meters if they had possessed no 
immunity from extraneous deformations. But the stress meters indicated 
changes of only 12 and 20 psi, respectively. When it is realized that these 
stress meters were a half-inch thick, these results were in fair agreement with 
the analyses. 

Two days after the termination of the sustained-load test, the large cylinder 
was loaded again to 500 psi. Again, the stress meters indicated very nearly 
the true stress at each step, while the strain meters showed somewhat different 
results from before, the strains being slightly lower because of the greater age. 

At the age of 47 days, the specimen was uniformly heated to 100 F and 
readings were taken on all instruments. The stress meters were found to have 
a temperature correction of about 2 psi per degree F, the high value being 
explained by the outer shoulders making contact with the concrete. The con- 
crete was found to have a thermal expansion of 5.7 millionths per degree F, 


as indicated by the strain meters. In a similar test at age 57 days, the stress 


meters were found to have nearly the same corrections, and values of 2.2 
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and 2.1 psi per degree, respectively, were adopted. No adjustments were 
made for changing modulus of elasticity because the corrections were very 
small except in those cases when the temperature effect was being studied. 
The better understanding of effect of temperature upon the stress meter was 
not achieved until subsequent tests were completed. 

A third load test was made at the age of 106 days, with results very much 
like those in previous tests, except that strains were smaller and the zero 
strain was shifted farther into the compression direction. The zero stress 
indicated by both stress meters was substantially unchanged. 

Finally, at an age of 109 days, a fourth and last load test was made on this 
specimen. Since this last test included the effects of everything which had 
been done to the specimen during its 109-day life, the results of the first and 
last load tests are compared in Fig. 4. Here the stress as indicated by stress 
meters, and the strain as indicated by strain meters, are plotted against the 
known, or applied, stress. It is interesting to note that the stress meter 
(No. 2) not only reveals very well the change in stress during loading but also 
maintains very nearly the same zero as before embedment at all times when 
no load is acting. The other stress meter behaved very nearly the same, 
as may be noted by referring to the tabulated readings in the Appendix. 
The discrepancies are remarkably small in view of the fact that the specimen 
has been subjected to four loading tests, one period of sustained load, two 
cycles of heating and cooling, and hydrating of the concrete up to an age of 
109 days. 

The comparison of stresses and strains in Fig. 4 is especially interesting. 
Although the strain was arbitrarily set at zero for the beginning of the first 
load test, the strains thereafter show the effects of creep and changing prop- 
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erties of the concrete. The slopes of the two stress-strain curves indicated 
moduli of elasticities of 3,100,000 and 4,300,000 psi at ages of 21 and 109 days, 
respectively. On the whole, the strains show no close relationship with 
the applied stress. This does not mean that the strain measurements are 


faulty, because past experience has proved that the strain meters are quite 


dependable in revealing length changes. Instead, it means that length changes 
bear no close relationship to the applied stress when other conditions are 
acting also. In fact, it is reeommended that an occasional strain meter be 
used in conjunction with the stress meters. Not only are the deformations 
of the concrete of interest of themselves but also, in the event that a large extra- 
neous deformation should occur, even a seven percent response by the stress 
meter might constitute a large error. But when deformations are known, a 
correction can be applied to the indicated stress, thus avoiding the error. The 
correction is simply 7 percent of the product of extraneous deformation and 
modulus of elasticity. The extraneous deformation in this case can be found 
by subtracting from the observed or known deformation the estimated de- 
formation due to stress. 


After the fourth load test, the concrete specimen was demolished with a 
large chipping gun. Upon recovery of the two stress meters, one of them 
again read zero stress while the other read only a few psi. Both were re- 
calibrated in a testing machine, and the calibrations were found to be the 
same as before, notwithstanding the rough treatment from the chipping gun. 
This gives a good indication of the rugged quality of the new stress meters. 


APPENDIX 1—ANALYSIS OF STRESS METERS 


How thin did the stress meter have to be, and how nearly did its compressibility 
have to match that of the concrete? For each design, a trial-load ty pe ol analysis was 
applied to determine the effects of unequal deformation as between the stress-meter 
thickness and an equal thickness of the surrounding concrete. An imaginary plane 
was cut through the mid-thickness of the stress-meter plate and the surrounding con- 
crete. The concrete on either side of this imaginary plane was then considered as a 
semi-infinite elastic solid. When the half plate tended to compress in thickness more 
or less than did the concrete which it replaced, a discontinuity developed which could 
only be corrected by the application of forees which were balanced locally, since no 
external force was available for this purpose. For example, if the concrete were to 
shrink, the process could be visualized as taking place In steps as in Fig. 1 First, 
when the concrete contracted and the plate did not, the halt plate would extend out 
from the imaginary plane by an offset corresponding to the amount of the shrinkage. 
Then, compressive forces were applied to the half plate and tensile forces to the concrete 
around the half plate until, by trial and error, that unique distribution of balanced forces 
was found which pushed the half plate back into the plane and maintained the concrete 
surface around the half plate as a plane surface. It was evident that when forces were 
applied to the half plate, they would distort the plane of the concrete around the half 
plate also. The tensile forces in the surrounding concrete had to be chosen not only to 
maintain the plane surface of the concrete but also to balance the compressive forces 
on the half plate as well. Only one combination of forces would satisfy all conditions. 

The trial-load analysis was facilitated by first preparing a table of deflections due to 
particular load patterns, as in Table 2. A number of ring patterns were chosen, narrow 
ones in the region of discontinuity near the edge of the plate, and wider ones as the dis- 
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TABLE 2—DEFLECTIONS DUE TO 1 PSI FORCE ON SELECTED RINGS FOR PARTICULAR 
STRESS METER WITH 3.63-IN. OUTSIDE RADIUS AND 0.44-IN. RIM 


Ring radii 


In- 


side 


tance from the edge became greater. 


(ut- 
side 
, 


2.337 


3.1% 


2.857 


I 


Ave 
ra- 
dius 
1.168 
) 1.595 


2.597 


$. 158) 3.007 


5. 1 
3.666 


3.174 
) 3.648 


4.052) 4.859 
4.952)4.502 
7.432\6.192 
11.148 9.290 


Ratio 
of 
ring 
width 
to 
ra- 
dius 


(full 

eire.) 
full 

eire 
0.20 
0.10 
0.01 
0.01 
0.10 
0.20 
0.40 
0.40 


Ring 
area 
sq in 

3.0 


17.2 1.00 
32.0'3.19 2.87 
8.5/0.52 § O.65 0.77 
5.7. 0.301 0.346 0.409 
0.65 0.032 
0.90. 0.0361 
0.3 0.388 
5.5 0.90 


> 92 


0.06 


0.0371 
0.395 0.418 
0.92 |0.96 
2.50 (2.55 


$75 3.79 


0.450 
1.00 1.04 
2.03 2.65 


3.83 3.87 


0.584 


0.44 


3.19 


0.96 


2.04 
0.5 


0.490 
0.0340 0.0362 0.0417 0.0503 0.0865 0.0391 0.0343 0.0276 
0.0395 0.0430 0.047 2'0,0502 0.0948) 0.0545 0.0379 


0.507 0.750 


1.07 
2 OS 


3.58 


3.63 


0.82 


1.60 
O45 


0.325 


0.646 


2 
3.90 


3.86 


0.75 


1.47 
0.42 


0.295 


1 PAL 
2.78 


3.94 


4.50 


0.63 


1.21 
0.34 


0.240 


0.457 


1.55 
3.05 
3.98 


0.47 


O86 
0.23 


0.162 
0.0186 
0.0252 
0.298 


O85 
3.72 


4.51 


Deflections, at various distances from center, millionths in. 


8.0 


0.35 


0.64 
0.18 


0.114 
0.0131 
0.0173 
0.205 


0.57 
2.50 
5.39 


10.0 


0.28 


0.51 
0.14 
0.096 
0.0109 
0.0137 
0.155 
0.43 
1.75 
5.31 


The deflections were tabulated for a unit load (1 


psi) on each of these rings and at various distances out from the center of the half plate. 
Then the deflections due to any combinations of these load patterns were simply added to 
determine the net deflections. Loads were added or subtracted until the desired deflec- 
tion pattern was obtained. 

Numerical values of deflections due to load applied to ring areas were not available 
dif- 


For example, the deflections due to load on a ring with inner radius of 1 in. 


in the literature, so they were derived from deflections on loaded circular areas by 
ferences. * 
and an outer radius of 2 in., is the same as for a circle with a radius of 2 in., from which 
has been subtracted the deflections due to load on a circle of 1-in. radius. This procedure 
was straightforward, but quantities had to be carried out to many significant figures in 
the case of narrow rings, in order that the small differences would have sufficient accuracy. 
One set of deflection curves was developed which could be applied to rings of any size 
whatever, as long as the ratio of ring width to average radius was 0.01, 0.10, 0.20, or 0.40. 
For each particular analysis, however, it was found convenient to prepare a table of 
deflection factors for chosen ring dimensions, as in Table 2. 

An approximate analysis of a recent stress meter is presented in Table 3. This was 
not carried to the limit of obtaining an exact balance of forces, since great accuracy was 
Thus, the total force applied to the half plate was 483 Ib, 
and on the surrounding concrete was 423 |b. 


thought to be unnecessary. 
In this case, the steel plates which were 
separated by a mercury film in the actual stress meter, were assumed to be inflexible in 
order to investigate the worst condition. It may be noted that the “dependence factor” 
was only 0.071. This means that even though the plates were here assumed to be in- 
flexible, this stress meter was 93 percent independent of extraneous deformations. 

A similar analysis wherein the plates were assumed to offer no resistance to bending 
yielded a dependence factor of 0.064. 
tween 0.064 and 0.071. 
was considered to be quite favorable since this stress meter was one-third thicker than 


Thus, the true dependence factor should lie be- 
For practical purposes, the factor could be taken as 0.07. This 


those previously made and for which the dependence factor was about 0.05. 

Other analyses were made to show the effect of eliminating the unloaded rim of the 
stress meter and to determine the effective area. It was found that a more complicated 
stress meter, designed so as to be loaded over the full area and thus have no fabric- 
covered rim, was not quite as good as one with the unloaded rim (0.064 versus 0.062) 
at equal outside diameters. If the unloaded rim were eliminated and the diameter re- 
duced accordingly, the performance would not be as good for the more complicated 


meter. 


Timoshenko, Theory of Elasticity, McGraw-Hill, N. Y. 
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TABLE 3—EXAMPLE OF TRIAL ANALYSIS TO DETERMINE ERROR IN INDICATED 
STRESS DUE TO CONCRETE SHRINKAGE 


Deflections, at various distances from center, millionths in 


Stress Ring Load on 2 b 3.19) 3.63) 3.86) 4.5 | 6.0 ! 8.0 
intensity 


psi Inside Outside Surrounding con: 


0 2.337 ‘ 7 ‘ 7 ) ) 0 $ 
6.4 1 
i 


2.337 2.857 
2.857 3.158 : 6.0 
3.158 3.190 d 5 ‘ ‘ 14) OW 
Total positive deflection 3 il : SD. fi 5 19.3) 13.4 
35.0 3.630 3.666 3 o.4 
13.5 3.666 4.052 2 1.0 
5.0 4.052 4.952 7 2 
OS 4.952 7.432 i 
0.3 7.432 11.150 2 
Total negative deflection 
Direct strain correction 
Net deflection f 24.2 


7 $0 


O68 O.0 
0.1 +O.1 


Conditions: Stress meter is 0.5 in, thick, has an outside radius of 3.63 in., with an unloaded rim 0.44 in. wide 
thus the net radius is 3.19 in. For this analysis, the stress meter is assumed inflexible, so the aim is to derive a 
uniform deflection over the area of the plate, or out to a radius of 3.19 in. Modulus of elasticity of concrete (and 
plate also) is 2106 psi. The direct strain correction is an adjustment to allow for the strain between the plane 
of the plate face and the midplane of the plate. 

Results: The average net deflection over the half plate is 24.5 microin. This corresponds to a shrinkage of 98 
millionths, since the half thickness is 0.25 in. Total load imposed on diaphragm by the concrete shrinkage is 483 Ib 

third column Since the effective area (shown by another analysis) is 34.5 sq in., this amounts to 14.0 psi. By 
comparison, had the 98 millionths shrinkage compressed the plate by that full amount, the load on the plate would 
have been 98 X 2, or 196 psi Thus the dependence factor is 14.0/196, or 0.071 
responds to 7 percent of the shrinkage 


This means that the stress meter 

The effective area of the stress meter is affected by the flexible rim which is relieved 
of load by being covered with fabric. An analysis was made to show what happened 
to the load which otherwise would have fallen on the relieved rim. Again, an imaginary 
plane was assumed to be cut, and load was assumed to be removed from the ring which 
represented the unloaded rim of the stress meter. This distorted the plane surface; 
and an equal amount of total force was applied to the half plate and surrounding con- 
crete to restore the plane. In this analysis, the plate was assumed to be fully flexible 
It was found that approximately 25 percent of the load was taken by the stress meter 
and 75 percent went to the surrounding concrete. Thus, the effective area of a current 
stress meter with an outside radius of 3.63 in. and a rim width of 0.44 in. was found to 
be approximately 34.5 sq in. 

An interesting result came from the analysis of a stress meter having a thickness equal 
to its diameter. Not only are stress meters of such shape sometimes considered, but 
also one encounters a similar case whenever a similarly shaped object, or large piece of 
aggregate, is embedded in concrete. The dependence factor came out to be 0.31, mean- 
ing that a stress meter with thickness equal to diameter would accept 31 percent of the 
full force corresponding to any extraneous deformation. 
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By HERBERT K. COOK? 


The Corps of Engineers, in connection with design and construction of 
large dams, is, of course, vitally concerned in the successful development of a 
stress meter. The meter described by the authors shows considerable promise 
and independent investigations of its capabilities are now underway at the 
Waterways Experiment Station of the Corps of Engineers. 

The purpose of this discussion is to briefly describe tests which are being 
made and others that are contemplated. Since the tests are incomplete no 
data or comments on the performance of the meters can be made at this time 

Tests contemplated consist of the embedment of two stress meters and five 
strain meters in the center of each of two 30 x 60-in. concrete cylinders, plus 
the embedment of several thermocouples for establishing temperature gradi- 
ents. Load tests on the first cylinder are well underway, and are to begin on 
the second cylinder in the near future. 

Type II] cement and crushed limestone aggregate were used in both speci- 
mens. The first specimen contains 1! o-in. aggregate, and the second 6-in 
aggregate. Both mixes are designed to have a W/C of O.8 by weight, 2!. 
+ 1)-in. slump, and an air content of 7 + | percent air in the portion smaller 
than a 1!5-in. sieve. 

The first specimen was cast in two 30-in. lifts with strain meters installed 
at the top of the first lift; the first lift was allowed to harden overnight, after 
which the joint plane was wire brushed, and two stress meters and three ther- 
mocouples were placed at the joint. A thin layer of grout of the same sand- 
cement and water-cement ratios as used in the concrete was used between lifts 

The steel cylinder jacket, in which the specimen was cast, Was wrapped 
with rock-wool bats to prevent excessive heat loss until placement of the 
second lift the following day. ‘The base plate of the loading device, on which 
the cylinder was cast, had been insulated prior to placement of the first lift 
by filling the bottom area with several layers of fiberboard. 

Prior to placing the second lift, stress meters were carefully bedded on a 

*ACI Journat, Nov. 1952, Proc. V. 49, p. 201. Dise. 49-15 is a part of copyrighted JourNat or THE AMERICAN 
Concrete INstirete, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 
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flattened cone of mortar containing sand finer than the No. 30 sieve. Every 
precaution Was taken to a old air o1 ate oids under the meters The 
bedding procedure was essentially as described in the paper by Carlson and 
Pirtz with the additional precaution that a total of 14 lb of flat iron weights 


were placed on each stress meter immediately after bedding in mortar and 


were allowed to remain for about 3 hr before removal of the weights and 
covering of the stress meters with concrete 

Concrete was carefully placed around the meters after a I4-in laver ol 
grout of the same water-cement ratio and sand content as the concrete had 
been placed at the joint plane Concrete around the meters was not vibrated 
until a depth of avout 10 in. had been placed, after which placement of the 
second lift) wa completed t Immediately after striking off the top ol the 
second lift, a sheet-steel lid was put on top of the form and sealed to prevent 
loss of moisture. ‘The entire form was Wrapped with rock wool insulation 

The form was removed from the cylinder approximately 20 hr after cast- 
ing the top section All e po ed concrete surfaces, except the top, were 
immediately sprayed with a quick-drying laequer and given two coats of a 
50-50 paraffin-rosin mixture with a layer of muslin in-between. The top surface 
Wiis capped with a layer of Hydrostone plaster on which a I-in. steel plate 
of the same diameter as the evlinder was bedded and left in place. 

Since a testing machine of sufficient size to hold the concrete eyvlinder was 
not available, a loading rig was constructed by which the required known 
loads could be applied and sustained on the eylinder Details of the original 
design of the loading rig are shown in Fig. A. Initial loading tests on the 
first cylinder indicated unequal load distribution. One of the steps taken to 
correct this condition was to increase the thickness of the base and top plates 
from 5 to 10in. since sufficient buckling occurred in the top plates to contribute 
to unequal load distribution It was also neces ary to carefully calibrate and 
match the loading springs as well as to machine their ends and adjust them to 
equal height with machined shims. 

The loading frame was assembled, the springs positioned on the cap plate, 
the bottom loading plate placed on the springs, jacks centered, and the top 
loading plate pli ed on the jiu ks after the Hydrostone had set for 2 hr. 

Loading of the first specimen is now being conducted, and loading of the 
second specimen 1s cheduled in accordance with the following program used 
for the first specimen: 

(a) Initial load was applied when the concrete strength, as indicated by 8 x 16-in. test 
ipproximately 300 psi. This 

oncrete in the second lft was about 

ipproximately one-tbird the ultimate strength 

is Indicated by t 24-hr, Sx I6-in. cylinder streng Readings were taken on stress 

ind strain meters and thermocoupl nmediatel fe ind after loading and at 24-hr 

periods thereafter for seven days 1¢@ load was remoy ind creep recovery was recorded 
lor five to sey 

ind duplicated the procedure 

cimen was loaded to 315,000 Ib, 
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Fig. A—Loading device for the 30 x 60-in. concrete test cylinders 


total load on the springs, for approximately 21 days. ¢ reep recovery was chee ked for 
seven days or until the curve became flat 

(c) The third loading test carried out at seven weeks is similar to the second test 
except that the load was sustained for 180 days witha check of load distribution in the 
springs at weekly intervals. A check for creep recovery was made at the end of the test 

A complete report of the results of the work will be prepared upon com- 


pletion of the loading tests on the second cylinder 


By A. COUTINHO* 


Direct measurement of stresses in concrete without knowing its modulus of 
elasticity has already been the subject of some research. The first attempt 
was by Nils Hast? who used a stress meter with a modulus of elasticity equal 
to that of concrete, and consisted of a hollow metallic cylindrical cell, with a 
diameter approximately equal to its height. 

Between 1942 and 1945, the writer studied a method of measuring stresses 
in concrete utilizing small circular glass mirrors located at the surface of the 
concrete.{ The conclusion reached was that stresses in the glass (determined by 

*Chief Engineer, Materials of Construction Division, Laboratorio Nacional de Engenharia Civil, Lisbon, Port 
+Hast, Nils, “Measuring Stresses and Deformations in Solid Materials,” Handlingar No. 178, | 
Akademien, Stockholm, Sweden, 1943 


tCoutinho, A., “Determination of Stresses in Concrete by 
L' Institut Technique du Batiment et des 7 


ortugal 
genior Ventskap 


y the Photoelastic Stress Meter Method { 
waur Publics, No. 20, May 1948 


nale 
Serie Easais et Mesures No. 4 





916 - 4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1953 


photoelastic means) depended only on the stresses applied to the concrete, 
and were independent of the modulus of elasticity of the concrete. If the 
strain in the concrete varied (due, for instance, to creep) with the stress being 
constant, the stress in the glass was practically constant. Stress in the glass 
mirror disc was approximately 1.5 times the stress in the concrete, and the 
modulus of elasticity of the glass approximately 2.5 times that of concrete. 

Later, in 1948, the writer was successful in deriving a generalization of these 
experimental results, and by mathematical analysis arrived at the conclusion 
that in an inclusion of a material having a high modulus of elasticity compared 
to that of concrete, stresses developed in the inclusion were practically inde- 
pendent of the modulus of elasticity of the concrete.* This independence 
varies with the modulus of elasticity of the inclusion material and is optimum 
for higher values. Spherical, circular, or cylindrical inclusions can be used in 
one-, two-, or three-dimensional stress analyses. 

Actually, the inclusions of interest are those with a modulus of elasticity 
three to four times that of concrete. Then, stresses in the inclusion are about 
1.5 times the stresses in the concrete, and this factor, 1 A, is independent 
of the variation of the modulus of elasticity of concrete. 

Development of the stress meter by Carlson and Pirtz is based on the 
equality of the compressibility of the inclusion to that of concrete. This is 
difficult to attain as the modulus of elasticity of concrete changes with time, 
with stress, and with the time of the acting stress (due to creep). If there is 
an equality at a certain moment, this will not be so at another moment and 
under another condition of stress. 

Another criticism is that of the preoccupation of the equality of the stresses 
in the concrete and in the stress meter. That is, it is not clear that the so 
called “error due to extraneous deformation” has to be as small as possible 


All that is needed is that this error should be constant for a given type of 


stress meter and independent of the modulus of elasticity of concrete. There 
must be a well-defined ratio between the stress in the concrete and the measured 
stress in the stress meter. This ratio A can be, and in general is, different from 
one. The product of the stress in the stress meter and A, which is easily 
determined by tests on concrete specimens containing the stress meter, gives 
the stress in the concrete at once. 

The authors’ creep test referred to in the section “Actual Performance of 
Improved Stress Meters,” p. 210, shows, however, that when the strain 
varied about 80 percent, the strain in the stress meters varied about 5 to 8 
percent. This is good experimental proof that the stress in the stress meter is 
practically independent of the modulus of elasticity of concrete. 


DERIVATIONS 


In the case of a cylindrical inclusion it can be shown that the ratio between 


*Coutinho, A., “Theory of an Experimental Method for Determining Stresses, not Requiring an Accurate 
Knowledge of the Modulus of Elasticity,”’ Publications of the International Assn. for Bridgeand Structural Engineer 
ing. V. 0, 1949, p. 83 

tAnalysis is based on the writer's 1949 paper previously referred to 
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Fig. B—Effect of varying E by 50 
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the stress in the concrete o;, Whose elastic constants are #, and v;, and 
stress in the inclusion o2, Whose modulus of elasticity is Be, is 

P a} a (1 v?})e7 RE. + LE, 

K 

a BE la(1 via Rk 4 L} 

where 

a experimental constant 

R radius of the evlindrical inclusion 

L length of the evlindrical inclusion 


In this expression, when L/P approaches zero, A approaches one, a value 


independent of the ratio between the modulus of elasticity of the inclusion EB» 


and that of the concrete Ey. That is, when the length of the cylindrical in- 
clusion is small compared to its radius, the stress in the inclusion is independent 
of the ratio of the compressibilities of the inclusion and the concrete; if the 
modulus of elasticity of the concrete changes, the stress in the inclusion will 
remain practically constant. 

The validity of the above statement can be shown by the following: 

Let FE, be the value of the initial modulus of elasticity of concrete and EK» 
that of the inclusion. A certain value of A’ corresponds to the ratio By./E 
so that when a stress a; is applied to the concrete, the stress in the inclusion 
will be a2 = o1/K. 

If, maintaining the stress ¢; constant, the strain in the concrete doubles 
due to creep, then the modulus of elasticity 4, decreases to half its initial 
value. The inclusion actually measures the stress in the concrete when its 
stress o2 does not vary in this condition or varies in a negligible quantity 

Fig. B shows the variation of oo, in percent of its initial value, when £, 
decreases to half its initial value. This variation of ¢2 is given for different 
L/R ratios and assuming a 1.125. As shown, the variation of o2 ap- 
proaches zero rapidly when LR decreases, and for low ratios of LR, of the 
order of 0.1, this variation is lower than 10 percent, even for a modulus of 
elasticity of the inclusion one-quarter the initial modulus of elasticity of the 
concrete. Results of the creep tests mentioned by the authors agree well 
with these analytical results 
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Utilization of cylindrical inclusions of a high modulus of elasticity and 
with a height greater than the diameter, for the measurement of stresses in 
concrete is being made successfully in the Laboratorio Nacional de Engenharia 
Civil, Lisbon, Portugal. These inclusions are hollow metallic cylinders, 8 in. 
high and 2!46 in. in diameter; the modulus of elasticity is about 15 * 10° psi, 
and strains are measured by means of acoustic strain gages. 

J. B.C. Taylor, Dominion Physical Laboratory, Lower Hutt, New Zealand, 
is also studying the application of cylindrical inclusions of a high modulus 
of elasticity for determining stresses in concrete, and the influence of vary- 
ing the height-radius ratio. 


CONCLUSIONS 


The stress meter of Carlson and Pirtz consists of a thin plate applied nor- 


mally to the direction of the stress being investigated; stress in the concrete 
is measured directly, and is not influenced to any extent by variations in the 
modulus of elasticity of the concrete. Proof is given by the authors in their 
paper and by the analysis presented in the writer’s 1949 paper. 

A clearer conception of this stress meter can be had if it is recognized that 
stress and compressibility of the stress meter need not be equal to those of 
the concrete. In any case, the equality of the two compressibilities is of no 
significance as that of concrete changes continually. This permits a change 
in the dimensions of the stress meter, giving it a more useful application. 

xperiments the writer would suggest are creep tests on specimens con- 
taining cylindrical inclusions in which both the modulus of elasticity and the 
height-radius ratio of the cylinder change. It should be possible to determine 
a convenient ratio for which the variation of stress in the inclusion is as small 
as possible when, for a given stress in concrete, its strain varies. 


By K. R. PEATTIE and R. W. SPARROW* 


The authors’ paper describes work similar to that in progress at the Uni- 
versity of Nottingham concerning the action of earth pressure cells. The 
problem is similar to that of the stress meter in concrete and some information 
on the results of earth pressure cells might be of general interest. 

The work has been concerned mainly with the action of cells and not with 
their design, as it is considered that the cell developed is suitable for laboratory 
use. A sketch of the type of cell used is shown in Fig. C, and in operation a 
strain is induced in the diaphragm and measured by an electric resistance 
strain gage. The deflection of a galvanometer connected in a bridge circuit is 
proportional to the applied pressure, and the cells are calibrated by the appli- 
cation of known hydraulic pressures to the cell face. The calibrations have 
been maintained accurately for about 15 months. 

The cell was calibrated at different temperatures and variation was found 
to be about 0.5 psi per 10 C. No investigation was made of temperature 
effects when the cells were buried in a soil mass, as under laboratory condi- 


*University of Nottingham, Nottinghar Englar 





tions the temperature of the soil mass does not vary appreciably Phe cell 
has been suitable under laboratory condition but it has not been te ted hh 
the field. 


To investigate the action of the cells, a pressure chamber was constructed 
to provide a mass of soil in which stresses are known Che difficulty in the 
use of these cells is the determination of what has been called the “over-regis 
tration factor.’ This is the excess of the cell reading over the stress actually 


existing in the soil mass at the location of the cell 


The problem has been treated analytically by D. W. Taylor! and G. Ee 
Monfore The first reference indicates that the over-registration will 
proportional to the thickness-diameter ratio of the cell and 1 the ratic 
two factors dependent on the soil prope rtie 

The second reference contains an analysi rT ter similar to that men- 


tioned by Messrs. Carlson and Pirtz. The f this analysis give 


distribution of excess pressure over the face of the cell The analy 


I \ 


made for different values of thickness-diameter ratios and show 
registration was nearly proportional to these ratio Phe ana 
made for different values of the ratio of the elastic moduli 
that of the cell, and it was shown that over-reg 


with this ratio It should be noted that when th 
over-registration becomes negative. A typical d 
the cell face is shown in Fig. D 

From theoretical considerations, the des 
cell are: 

Its thickness 
(b) The ratio of 
c) The sensitive are 


total ares 
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Fig. D—Stress distribution over cell face 
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This last point prevents the cell from being responsive to the high pressures 
existing at the edges of the cell face (Fig. D) and hence minimizes over-regis- 
tration. 


The effect of the thickness-diameter ratio of the cells was investigated by 


fitting back plates of different thickness to cells of the type shown (Fig. C). 


A typical set of results obtained on loose moist sand is shown in Fig. E. Similar 


results have been obtained with dense sands and clays. With clays the slope 
of the line shows a variation with applied pressure. To investigate the dis- 
tribution of pressure over the cell face the original type of cell was modified 
to permit variations of the sensitive area (Fig. F). 


7 


oa =~ s 
By Fig. E—Loose moist sand, 1st cycle load- 
Ry? Chambon prssvte Nay =1-2 ing 


R= call vecomied eke hel 





MEASUREMENT OF COMPRESSIVE STRESS 


Fig. F—Modifications of various sensitive 
areas 
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Distribution of pressure over the cell face as obtained with the sands is 
shown in Fig. G. The curves show that the pressure toward the edges of the 
cell face is higher than theoretical considerations indicate. However, if the 
diameter of the sensitive area is kept below about one-third that of the total 
diameter of the cell, the pressure distribution is reasonably constant. With 
Clays the distribution of pressure has much the same shape, but the value of 


over-registration has been found to decrease with increasing values of pressure 


Work on the clay soils is still being conducted 


Kxperimental work so far has demonstrated the validity of the criteria 
(a) and (¢) put forward as a basis for cell design for use with sand. It would 
be interesting to know if any similar work has been carried out for cells used 
in the measurement of compressive stress in concrete 
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Fig. G—Stress distribution over cell face 





OURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1953 

It appears that the cell designed for use with soils could be used for pressure 
measurement in concrete. It might prove to be slightly more compressible 
than is desirable but the compressibility could well be decreased, because at 
present sensitivity is higher than would probably be necessary. The minimum 
detectable change in pressure is about 0.5 psi and the maximum pressure Is 
130 psi. It has been found experimentally that the basic cell (Fig. C) be- 
haves as a cell with an active diameter of about one-half that of the total 
diameter. A thinner cell of the same type has been constructed with a thick- 
ness of #4 in., and this is considered to be about the practical minimum for the 
type of construction employed. This last cell should not show an over- 
registration much larger than 7 percent If the cell diameter was increased, 
the thickness-diameter ratio could be considerably reduced with a corre- 
sponding reduction in over-registration. The 3-in. diameter of the cells con- 
structed was controlled by the size of the pressure chamber used for the ex- 
perimental work 

It has been pointed out that the ratio of the modulus of elasticity of the 
solid to the modulus of elasticity of the gage should be small. From theoretical 
analysis, it is found that over-registration increases with decreasing values of 
modular ratio, but the rate of increase of over-registration drops rapidly with 
decreasing values of the modular ratio Below a value of modular ratio of 
about 0.1 the increase in over-registration is small, and it appears advisable 
to design cells in this region since, although the over-registration is larger, 
it will be less subject to variations in the modular ratio which almost neces- 
sarily occur in the concrete. 

The authorities of the University of Nottingham are thanked for the facili- 
ties made available for carrying out this work and for permission to publish 
this contribution. 
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JEROME M. RAPHAEL* 


In contrast to rapid advancement made in measuring stresses in elastic 
plates and structures in the past 20 vears, progress in measuring stress In 
mass concrete has been slow. For much of this time, the best method avail- 
able has been Dr. Carlsor’s elastic wire strain meter, developed following the 
classical Stevenson Creek Experimental Dam tests. During this period, suc- 
cessive difficulties encountered in developing an instrument for direct measure- 


ment of stress In mass concrete were eliminated, and now the authors’ paper 


signalizes the final development of a reliable stress meter 


*Associate Professor of Civil | nines r, Unive t f ¢ for Berkele 
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The strain meter developed by Dr. Carlson has had outstanding success 
in the long-time measurement of strains in mass concrete. The stress meter 
should have equal success. Both use, as the ultimate measuring device, an 
unbonded elastic wire, which permits meters to maintain correct calibration 
for the many years required for mass concrete structures to attain equilibrium 
By way of contrast, the use of bonded-wire strain gages results in observa- 
tional errors in any application where stress is sustained long enough to de- 
velop creep in the plastic binding materials. 

The authors have only hinted at the care necessary to manufacture an 
instrument capable of measuring stress correctly over long periods. A few 
of the production problems solved were: complete moisture proofing, welding 
two plates with 0.01-in. separation, causing mercury to wet a steel surface, 
prevention of corrosion of the resistance wires, prevention of leakage of the 
mercury through the steel plate, and complete filling of the diaphragm with 
mercury. The key to the whole discussion of minor design changes in the 
stress meter is the necessity for providing an assemblage which will maintain 
calibration over a long period—several years in mass concrete applications 
Thus many construction expedients that are feasible in measuring effects of 
transient loadings cannot be tolerated in the stress meter 

In their paper the authors have touched lightly on the difficulties in 
volved in computing stresses from observations of deformation in mass con 
crete. If it were not enough that due allowance must be made for thermal ex- 
pansion, autogenous growth, drying shrinkage, orthogonal strains, and creep; 
many of these properties vary at a changing rate with the age of the con- 
crete, and must be established over an extended period by supplemental lab- 
oratory tests. Also, in addition to the measurement of deformations in the 
direction of interest, other measurements must be made in two directions, 
mutually at right angles to the first direction, to gage correctly the strains 
introduced by the Poisson’s ratio effect. Present analytical procedures for 
reducing strain to stress in a medium subject to creep are to subtract, for a 
given period, the accumulated creep strain from the observed strain, and 
find the stress increment as the product of the strain difference and a sus 
tained modulus of elasticity appropriate to the period. This unwieldly pro- 
cedure has become practicable for large masses of data through the use of 
punched card computation processes. 


The stress meter eliminates all these difficulties. Stress is related to the 


observed resistances through a simple calibration constant and a temperature 


correction. Both these factors are considered constant with time. Thus, in 
a study where all that is required is the history of stress in one particular di 
rection, the stress meter fills a long-felt need At the same time, the strain 
meter still has its utility when the complete stress-s train state at a point must 
be determined 

In the work of the Bureau of Reclamation, stress meters were used inde 
pendently in a few cases where uniaxial compressive stress Was desired. This me- 


thod was utilized in analyzing pressure of earth embankments on retaining walls 
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TABLE A—VERTICAL STRESSES AT BASE OF ARCH DAM 2% YEARS AFTER PLACE- 
MENT—SEPTEMBER 1952* 


Distance from upstream face, Vertical stress, psi 
ft 


Strain meter? Stress metert 


5 550 510 320 


67 380 380 370 

129 270 280 20** 
139 270 230 10** 
213 240 180 30** 
287§ 190 190 20** 


*Measurements at elevation 3100 ft with top of dam at elevation 3565 ft, and water surface at elevation 3409 ft 
tComputed from a group of ten strain meters 

tIndividual stress meter results 

§5 ft from downstream face 

**F vident mercury leakage 


and embedded conduits, and pressure of silt against a concrete dam. Other 
applications have been in mass concrete, where stress meters have been used to 
obtain an independent check of one component of the complete stress pattern 
determined by embedded strain meters. In one such test the vertical stress 
distribution at the base of a large concrete arch dam as determined by stress 
meters and strain meters, is shown in Table A. Of the 12 embedded stress 
meters, six show almost perfect checks, two are off a third, and four never 
registered stress of any magnitude. This lack of response to load was traced 
to mercury leakage through the edge hinge and the manufacturing process was 
changed to produce a stronger seal. In the meters described by Dr. Carlson, 
all these problems have been dealt with and correct registration of stress Is 
anticipated with the design described. 

One handicap of the compression stress meter which limits its use in some 
instances is indicated in the title of the paper; the stress meter measures com- 
pression, but gives no indication when tension is present. Desirable or not, 
tension has been found in service structures, chiefly introduced by varying 
temperature conditions. Analyses of these conditions and their causes have 
modified concrete dam construction practices to minimize the causes of ten- 
sion. The point made here is that 7¢f stress meters had been used instead of 
strain meters, no direct evidence of the internal tension would have been found. 

With both a reliable strain meter and stress meter available, there is a 
choice as to which instrument will most easily and economically give the de- 
sired information. If stress is confined to one direction by the nature of the 
problem, then the use of a single stress meter will undoubtedly give quicker 
results than by analyzing the deformations registered by a group of strain 
meters. However, when more information is desired, such as principal stress 
and shear stress, the number of instruments to be installed increases, and the 
strain meter is still competitive with the stress meter. 

In the last analysis, decision on whether to use stress meters or strain 
meters to obtain desired information will be made on the basis of economics, 
considering the sum of the cost of instruments, installation, and analysis. 
If only one item of information is needed, say the stress in one direction at a 
point, then it will cost half as much to obtain it with stress meters as with 
strain meters. However, if the complete state of stress in a location subject 
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only to compression is desired, then strain meters will yield the information 
at two-thirds the cost of a stress meter study, assuming costs based on instru- 
ment groupings, bidding practices, and mechanical data analyses as found in 
Bureau of Reclamation practice. 

Regardless of the type of instrument chosen, cost of an instrument in- 
stallation is minute compared to the savings in construction that can be ex- 
pected through correct knowledge of the actual behavior of structures. Par- 
ticularly in mass concrete structures, the effects of construction procedures 
and temperature changes are often imperfectly evaluated. Factual knowledge 
as to the behavior of concrete structures in service is the final argument against 
costly design and construction practices based on conjecture 


By BYRAM W. STEELE* 


Kveryone recognizes that engineering research is the foundation of progress 
in any line of work. Basic research for the economical structural design of 
concrete dams is far behind research in the design of appurtenant hydraulic 
control features for dams and power plants. 

Therefore, it is time that investigations pertaining to possible economy in 
the design and construction of concrete dams be given serious consideration 
This is especially so when it is realized that there is now available the experi- 
mental equipment needed for obtaining necessary answers to some of the 
moot questions involved in structural dam design. It should also be men- 
tioned in this connection that the excessive increase in cost of present-day 
mass concrete for dams may soon tend to eliminate concrete as a construction 
material for dams unless more economical types of dam design and construc- 
tion are adopted. 

To date deformations in mass concrete have been measured by strain 
meters and the results studied in an attempt to calculate the actual stresses 
produced at various points. A comparison is then made with stresses ob- 
tained by the analytical methods. After many years of intensive research, 
the Bureau of Reclamation has developed a system of analysis that indicates, 
quite conclusively, that many gravity dams are over-conservative in base 
width and in volume of concrete. These conclusions seem to indicate that 
the next step in investigating possible over-design would be to make parallel 
installations of strain and stress meters to investigate indications of over- 
design found by strain meter installations. 

This type of installation will undoubtedly be made in future dams, but 
obtaining design data will be slow, and data on existing dams is not now 


available. Such data would be of inestimable value to designers if economy 


with safety is the goal rather than safety with ultra-conservatism. The term 
“ultra-conservatism’’ is used because it is not the concrete dam design that 
is the hazard; it is the foundation under the dam in the majority of instances. 

This writer therefore proposes to investigate changing stress conditions in 
existing dams by means of the Carlson stress meter, with extensive investiga- 


*Consulting Engineer, Arlington, Va. 
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tion of stress conditions during cyclic variations in temperature and hydraulic 
load. 


The installation would consist of drilling out a cavity large enough to 


accommodate the desired instruments, and then installation of instruments 
in accordance with the “Embedment Technique” noted on p. 209 of the 
authors’ paper. The cavity would then be filled with concrete of suitable mix 
proportions to minimize shrinkage, and to hold the temperature sufficiently 
low during setting so that an appreciable initial compressive load will be re- 


corded on the stress meter when the surrounding concrete returns to its 
minimum annual load and temperature condition. Any increase in stress 
thereafter, either from hydraulic load or from temperature rise, would then 
produce a positive increase in stress indications. 

There are various ways to insure that initial compressive stress is pro- 
duced in such a stress meter installation. Fresh concrete in the cavity can 
be subjected to a compressive load during hydration by proper form design for 
filling the cavity. Another promising method would be to embed cooling 
pipe in the cavity and hold the temperature of the surrounding mass during 
early hydration as near 32 F as practicable and still obtain the rate of hydra- 
tion desired. After completion of early hydration, the temperature rise of the 
surrounding concrete to its minimum annual temperature would increase the 
volume of the mass and thus produce the initial load desired. In other words 
there would always be a positive load indicated on the stress meter after the 
early hydration period. 

Obviously there are points in a dam at which such an installation would not 
work satisfactorily, but it is equally obvious that such points are of minor 
importance compared to the many major points at which information on 
changing stress conditions is desired. It is not the initial stress that is im- 
portant in many dams; it is the frequent change in stress during operation. 
In this connection, a reservoir that fills and empties frequently would furnish 
data on changes in stress conditions. Such a dam as Mount Morris which 
rests on horizontally stratified shale would furnish a good example in the 
moderately-high dam category. Pine Flat Dam in California would yield 
interesting data in the high-dam field. 

All proposed testing techniques can be set up in the laboratory and proved 
prior to actual installation in a dam without rendering the stress meters unfit 
for further use, thus investigating, step by step, essential details of installation. 

The results of this proposed investigation would enable design engineers to 


evaluate the design of existing dams as well as changing conditions of stress. 


AUTHORS’ CLOSURE 


Results of tests reported by Mr. Cook are awaited with great interest. 
These tests on large specimens of mass concrete in the laboratories of the 
Corps of Engineers may go far toward establishing the soundness and re- 
liability of stress meters. 





MEASUREMENT OF COMPRESSIVE STRE 


Mr. Coutinho raises the question of the first work on stress meters \l- 
though Nils Hast must be given much credit for his work on stress meters 
as reported in 1943, it can hardly be said_that this was the first attempt at a 
stress meter. Work on the stress meter reported in the subject paper was 
begun by Carlson in 1926 and a patent application was filed on the present 
stress meter in March, 1936. Probably the first published account of the 
Carlson stress meter was in “Research Reports’’ of the Massachusetts In- 
stitute of Technology in 1939. However, this publication has a limited dis- 
tribution, so it is not surprising that Mr. Coutinho has not seen it. 

Mr. Coutinho describes how he has taken advantage of an interesting 
property of elastic bodies to make a novel stress meter. There is such wide 
interest in this scheme that it deserves further discussion. If a body of in- 
finitely high elastic modulus is embedded in concrete which is deformed only 
by stress, the stress in the body will always be a constant percentage highet 
than that in the concrete, no matter what the modulus of the concrete may be 
Mr. Coutinho approximates this condition by making a stress meter with an 
elastic modulus three or more times greater than that of the concrete. Thus, 
the so-called “error due to extraneous deformation” is removed simply by 
reducing the indicated stress by a factor which is dependent mainly upon the 
shape of the stress meter. If the stress meter is a cylinder of height equal to 
diameter, the indicated stress is multiplied by about 0.7, while if the stress 
meter is in the shape of a plate like that described by the authors, the indi- 
cated stress is nearly the same as that in the surrounding concrete and no 
factor need be applied. The factor by which the indicated stress must be 
reduced depends mainly upon the shape of the meter; it is slightly dependent 
upon the elastic modulus of the meter, and it is almost wholly independent 
of the modulus of elasticity of the concrete. Thus, it is largely independent 
of ereep, also, because ereep produces exactly the same result as does a pro- 
gressive reduction in the modulus of elasticity. What this amounts to is that 
in concrete which is deformed only by stress, the “error due to extraneous 
deformations” can be eliminated approximately by applying a calculable 
factor for each stress meter. 

There is, however, a serious limitation to Mr. Coutinho’s stress meter 
which must be recognized in field applications. The correction factor in the 


high-modulus stress meter of cylindrical shape takes care of only such ex- 


traneous deformations as are_associated with the applied stress. If there 
is any expansion or contraction due to chemical action or to changes In mois- 
ture or temperature, these: will introduce errors which may be intolerable 
In some dams, where only moderate volume change has been observed, the 
indicated error from the cylindrical stress meter of high elastic modulus would 
be much more than 100 psi. Also, if high stresses are encountered, the excess 
stress around the stress meter may exceed the limit within which creep is 
proportional to stress. Then the reduction factor can no longer be com- 
puted with any accuracy. 


The earth pressure cell described by Messrs. Peattie and Sparrow is inter- 
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esting but it may not prove to be well suited to concrete. It is difficult to 
make a cell with a stiffness (modulus of elasticity) many times that of con- 
crete and yet be sufficiently responsive to stress. Also, if only a small part 
of the area is responsive to stress, this would be an objection since field con- 
crete is far from being homogeneous. In the analysis of a stress meter having 
an unresponsive ring around the outside, it is assumed that the compressibility 
of the responsive central portion is no greater than that of the ‘‘solid”’ rim. 
This is difficult to accomplish, and if the responsive area is much more com- 
pressible, the analyses break down. It is encouraging to observe that engineers 
are taking an interest in analyzing stresses around objects embedded in con- 
crete, or other elastic solids,.and undoubtedly the information gained will 
lead to better stress meters. 

Mr. Steele’s proposal to test existing structures by installing stress meters 
according to a “dental cavity’’ technique is interesting and something like 


this is sorely needed. However, there are some limitations to this proposal 


The technique has not yet been developed for tightly filling the cavity such 
that the stress meter would be fully responsive to changes of stress in the 
structure. It is likely that a suitable technique can be developed and it is 
hoped that some agency with a long-range dam-building program will in- 
vestigate this possibility 
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Sulfate Resistant Cement—Primary Requirement 
for Sulfate Resistant Concrete Pipe’® 


By DALTON G. MILLERT 


SYNOPSIS 


Results are cited of long-time tests of 19 regular portland cements and 19 
companion cements from the same mills which had been modified by raising 
the iron-alumina ratio from an average of 0.45 to 0.96, thus reducing the calcu- 
lated compound tricalcium aluminate (CA) from an average of 10.0 to 4.7 per- 
cent. The marked influence of changes in the percentage of C;A on the sulfate 
resistance of a portland cement is discussed. 


INTRODUCTION 


Since the invention of portland cement, generally dated 1824, many studies 
have been made looking for a solution of the problem of deterioration of 
concrete in contact with sulfate waters. In fact, studies of this nature are 
older than portland cement, for Smeaton! experimented to secure a mortar 
that would best resist the action of sulfates in sea water when the Eddystone 
lighthouse was built in 1756-1759. 

During recent years the combined efforts of many workers and continual 
improvement in the techniques of cement chemistry have markedly extended 
the earlier knowledge of the complex nature of portland cement. As a result, 
it is now possible to speak with considerable assurance concerning some of 
the factors which improve the resistance of cement to soil sulfates where 
previously it was possible only to theorize. 


INVESTIGATIONS AND RESEARCH IN MINNESOTA 

Comprehensive studies were conducted in 1919 and 1920 of the failure of 
some 6- to 30-in. inside diameter concrete drain tile which occurred in a number 
of tile systems in southwestern Minnesota. In July, 1921, a 74-page bulletin? 
was published based on these studies which included chemical analyses of 
1062 water samples and 150 soil samples. 

From the field studies of 1919 and 1920 it was concluded that the trouble 
was caused by excessive quantities of sulfates in the soil in direct contact with 
the outer surface of the tile. 

These original studies still left unanswered many questions and in 1921 
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the Minnesota legislature appropriated funds for creation of a laboratory to 
be directed primarily to the determination, if possible, of how future failures 
of this type might be obviated. This laboratory was established in the agri- 
cultural engineering building on the farm campus of the University of Minne- 
sota and functioned for three decades through support of the United States 
Department of Agriculture, the University of Minnesota, the Minnesota De- 
partment of Conservation and, for a time toward the last, the Federal Works 
Agency and the United States Department of Commerce, through the Bureau 
of Public Roads. In May, 1951, there was issued the final report* of this work. 


SULFATE ACTION IN RELATION TO TYPES AND STRENGTHS OF SOLUTIONS 

The complex nature of the chemical reactions of the constitutients of port- 
land cement and sulfates have been under investigation for a number of 
years as a part of the work of the Portland Cement Assn. Fellowship at the 
National Bureau of Standards. The results of these studies have been re- 
ported in detail by Bogue.*> A simple explanation of the physical destruction 
of concrete by swelling caused by sulfates is offered by Shelton® that when 
sodium sulfate solutions were added to tricalcium aluminate, crystals of 
calcium sulfoaluminate began to form and hydrated calcium aluminate 
appeared shortly after; when magnesium sulfate solutions were added to 

14 





tricalcium aluminate there 
were produced sulfoalum- 
inate crystals, gypsum and 
amorphous material which 





was thought to be mainly 
an aluminate. Formation of 
these products in hydrated 
cement causes marked in- 





crease of volume, with con- 





sequent rupture, of concrete 
and mortars even though 
made of sound aggregates. 





It has been observed’ 
that in reaction with the 
C;A in the cement, the 
disruptive action of the 
Na2SO, solutions was more 
we — severe than that of the 
"| OI per cent(0.084M) MgSO, MgSO, solutions for caleu- 





Tricalcium Aluminate , per cent 























e—I per cent(0.071M) Na,$O, lated values of the C3A 
, ‘ i above 9 percent, while be- 

low 9 percent the situation 
Months to Expand 0.0! inch was reversed and aggravat- 

Fig. 1—Effect of variation in the C;A content of portland 


cements on the expansion of cylinders stored in magnesium : ; - 
or sodium sulfate solutions; based on data for 122 cements drops still lower (Fig. 1). 
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Thus, in general, the susceptibility of —" Sigh ; 
concretes and mortars to the action of EACH POINT IS AVERAGE FOR 30 SPECIMENS | 


’ , " . : 90 + + IN 6 SERIES ALL CYLINDERS OF NORMAL 
MgSO,and Na2,SO, solutions is markedly CONSISTENCY ANDI-3MIX | 


lowered by reducing the C;A content of 
the cement. The more severe action of 
the MgSO, solutions on cements rela- 
tively low in C;A may be attributed to 
the fact that the MgSO, not only reacts 
with the C;A but also with the hydrated aad 0 

calcium silicates. However, for cements STRENGTH OF SOLUTION IN PER CENT 


high in (3A the disintegration is so rapid Fig. 2—Relative effect of magnesium 
: : 4 sulfate solutions of different concentrations 
that the secondary action ot MgSO, on on the compressive strengths of cylinders 


the silicates becomes a minor matter. 


80 
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60 
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It was also found*: that the destructive action of the sulfates of mag- 
nesium (.M/gSO,) and sodium (Na2SOQ,) increased rapidly with the strength of 
the solution up to 0.5 percent, then at a diminishing rate. See Fig. 2 for 
length increase of cylinders stored in magnesium sulfate solutions from 0.25 
to 4.0 percent. 


SULFATE RESISTANT CEMENT FOR SULFATE RESISTANT CONCRETE PIPE 


The primary requirement for sulfate resistant concrete is a sulfate resistant 
cement and the first requisite of a sulfate resistant portland cement is low 
tricalcium aluminate (C;A). This conclusion has been drawn from the tests 
of 122 commercial portland cements reported in Minnesota Agricultural 
Experiment Station Technical Bulletin 194.5 These cements were rated for 
sulfate resistance by giving equal weight to the following three exposure con- 
ditions: (a) compression tests of cylinders exposed to the waters of Medicine 
Lake, 8. D., which during the exposure period of the cylinders, had an average 
salt content near 5 percent consisting of about two-thirds magnesium sulfate 
(MgSO,) and one-fourth sodium sulfate (Na2SO,); (b) length changes of 
cylinders in the laboratory in 1 percent (0.084 molar) MgSO, solutions; and 
(c) length changes of cylinders in 1 percent (0.071 molar) solutions of NaSO,. 
The cements were rated from best to poorest, from 1 to 122, under each test 
and the final rating for a cement is the result of the three tests totaled; con- 
sequently the cement with the lowest total was presumed to be highest in 
resistance. In Table 4 of Technical Bulletin 194° the cements are arranged 
in descending order of sulfate resistance in-12 groups, each group containing 
10 cements except group 12 which has 12 cements. 

In Fig. 3 is shown the average, maximum and minimum (;A percentages for 
each of the 12 groups. Study of this figure reveals that the average C;A 
content of the cements of a group increased with the group numbering, with 
minor exceptions for Group 2 and 8. Individual cements, of course, dis- 
played some deviation from the group pattern although, on the whole, the 
position ratings in Table 4 of Bulletin 194* and the C;A trends were similar. 
It is concluded from the long-time tests of these 122 cements that the per- 
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Fig. 3—Range in tricalcium aluminate (C;A) in each of the 12 groups of cements of Tables 4 
and 5 of Technical Bulletin 194 of Agricultural Experiment Station, University of Minnesota 


missible upper limit for C;A should not exceed 5.5 percent for a sulfate resistant 
portland cement. 

Any possible effect which variations in the manufacturing practices at 
the different mills may have had on the sulfate resistance of these cements 
is obscured by the greater effect of variation in the tricalcium aluminate 
(CsA). A few of the cements relatively low in C3;A placed lower in position 
rating than might have been predicted while a few cements relatively high in 
C;A placed higher than might have been expected. This was also observed 
and reported in 1949 by Dahl.* Such inconsistencies indicate that potentially 
sulfate resistant portland cements may be improperly processed in manu- 
facture somewhere along the line and conversely, potentially low sulfate re- 
sistant cements can be processed so as to make them more resistant than 
would be indicated by their chemical composition. It is evident that much 
research is needed on the practical problem of manufacturing sulfate resistant 
cements. However, there is no reason to believe that the concept of low C3A 
for sulfate resistance will be altered appreciably. 


- 


MODIFIED PORTLAND CEMENTS 


.mong the 122 cements on which were made the long-time tests for sulfate 
resistance were 19 that had been modified in composition so as to raise the 
iron-alumina ratio from an average of 0.45 to 0.96. This resulted in a re- 
duction of the calculated compound, tricalcium aluminate, from an average 
of 10.0 to 4.7 percent. Chemical analyses of the 19 modified cements and 
the 19 comparison cements from the same mills as they were before being 
modified are recorded in Table 1. These analyses show that the only con- 
sistent and significant differences between the modified and regular cements 
were in the oxides Al,O; and FeO; and the calculated compounds (3A and 
C,AF. Exceptions might possibly be taken to this statement in the case of 
free CaO which averaged 0.5 percent for the modified and 1.0 percent for the 
regular cements, although differences in this respect were almost nothing for 
more than a third of the 19 cements. 


The essentials of the tests of the 19 regular and 19 modified cements have 
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been assembled in Table 2. Reference to this table supports the statement 
that, without exception, resistance to sulfate attack of each of the 19 modified 
cements was greater than its companion cement. This is illustrated by the 
bar diagrams of Fig. 4. In both Table 2 and Fig. 3 the order of arrangement 
of the cements is that of sulfate resistance, from best to poorest, of the modified 
cements. The importance of low C;A cements for sulfate resistance is clearly 
illustrated by Fig. 4 based on 19 modified cements compared with 19 com- 
panion regular cements processed identically in manufacture. 


CONCLUSION 


The specimens used in these experiments were mostly 2 x 4-in. cylinders 
of aggregate grading and mixes which roughly approximate those used in the 
commercial manufacture of high-quality concrete pipe of 4- to 12-in. diameters. 
These cylinders had 28-day compressive strengths which averaged about 6000 
psi, with a few falling around 5000 psi. The equivalent crushing strength 
of drain tile of the smaller diameters and normal wall thickness is about 40 
percent of these values, at least 2000 Ib per linear ft.* 

In the design of concrete mixes for maximum durability under sulfate 
exposure conditions, the primary consideration must be low permeability, 
usually a corollary of high unit strength. The concrete must be properly 
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Fig. 4—Nineteen modified and 19 regular portland cements from the same mills compared for 
sulfate resistance 
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placed to avoid honeycombing, irrespective 
of the cause, as deleterious action will always 
be most pronounced at such points of weak- 
hess. 

It is, however, in the field of cement 
chemistry where by far the greatest progress 
has been made in the improvement of the 
performance of concrete exposed to soil sul- 
fates. The importance of the chemistry of 
the cement has been shown many times and 
standard specifications have been prepared for 
sulfate-resisting portland cements in both the 
United States and Canada, the essential pro- 


visions being maximum limitation on the 
percentage of the calculated compound tri- 
calcium aluminate (3Ca0-Al,03;), commonly 
abbreviated (C;A). Based on the tests re- 
ported in this paper, the permissible limit for 
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TABLE 2—MODIFIED AND REGULAR PORTLAND CEMENTS FROM THE SAME MILLS 
COMPARED FOR SULFATE RESISTANCE 


Position Time required to increase 
Cement Fineness, rating in length 0.01 in. after storage 
C3A, surface area, Table 4 in 1 percent solutions, months 
Lab. No Type percent sq cm per g Tech 
Bul. 194 WUgSO,4 VaoS0, 


1509-631 Modified I 30; fi 3 220 300 
1600-632 Regular I : 115 23 14 


1551-531 Modified II 3.5 § 200 260 
1550-528 Regular II 7 75 : SS 140 


1568-591 Modified I : 7 ) 260 200) 
1567-590 Regular I : 5 66 103 


1576-582 Modified I D3 220 210 
1575-579 Regular I 5 20 


1571-576 Modified \ : 190 
1570-573 Regular I 7 52 


1583-605 Modified II ¢ 160 
1582 602 Regular I ( 1400 23 


543-507 Modified II 3.3 1750 160 
1542-504 Regular I 1470 29 


1554-543 Modified I 1690 5 160 
1553-540 Regular I ; 1660 q 22 


1546-513 Modified I 7 1910 160 
1545-510 Regular | 1750 5 66 


1593-621 Modified IV 8.3 1690 180 
1592 620 Regular I 1400 27 


1537-489 Modified II 1610 130 
1536-486 Regular I 140 76 


1628 665 Modified I 5 1720 2 LW 
1626-4163 Regular I 1730 : 10 
1579-608 Modified I ‘ 1560 : 115 
1538 492 Regular I s 1650 > 51 


1503. 381 Modified V ; 1650 140 
1502-378 Regular I 1500 


1508-396 Modified II i ISSO 
1509-399 Regular I { 1500 


1531-471 Modified I 1700 
1530 4658 Regular I 1550 


1564-5 Modified I 1640 
1513 Regular I 1450 


1618-45 Modified I 8! 2060 
1617-644 Regular I 9.! 1710 


1573-594 Modified I ; 1710 
1572-593 Regular I ‘ 1690 


Averages 
19 Modified cements 1640 
19 Regular cements 1560 
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Discussion of a paper by Dalton G. Miller: 


Sulfate Resistant Cement—Primary Requirement for 
Sulfate Resistant Concrete Pipe’ 


By R. H. BOGUE, L. A. DAHL, WILLIAM R. LORMAN, BAILEY TREMPER, and AUTHOR 


By R. H. BOGUET 


For more than 30 years the author has been carrying on his systematic 
and well organized program on the resistivity of concrete to sulfate waters 
in the soil. In the course of this investigation a vast number of water samples, 
soil samples, and cements have been analyzed, and untold numbers of physical 
tests performed in an attempt to find a correlation between the composition 
of the soils and the constituents of the cement, on the one hand, and the 
durability of concrete on the other hand. The outstanding measure of his 
success in accomplishing that objective is attested by the universal acceptance, 
in principle, of his conclusions, and their incorporation into the American 
Society for Testing Materials and federal specifications. Untiring work, 
great patience, and confidence in the eventual usefulness of his results to 
the people of the country have been the assets of a life of devotion to scientific 
research. 


By L. A. DAHLt 


The author presents data showing the relation of the C;A content of 
cement to the susceptibility of the cement to attack by sulfates. In general, 
resistance to sulfate attack is increased as the C3A content is lowered. The 
author calls attention to the fact that inconsistencies appear, so that some 
cements which may be expected to be highly resistant are susceptible to 
attack, and vice versa. Reference is made to the writer’s observations to 
that effect. Inconsistencies are not surprising when it is understood that 
the calculated compound composition of a cement may differ from the actual 
compound composition. The writer prefers to use the expression potential 
compound composition rather than calculated compound composition to em- 
phasize this distinction, since potential means “possible, or in the making, 
as opposed to actual or realized.” 

The potential composition of a cement is calculated from the percentages 
of the four major oxides derived from the clinker and the percentage of SO, 
derived principally from the gypsum, but to some extent from the clinker 
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It has been generally understood that minor components in the clinker must 
have an influence in the potential percentages of the compounds, but that 
these effects could not be taken into account without further research. — It 
has been shown recently by Newkirk* that the relative proportions of 
Na.O, KO, and SO; in cement clinker have considerable effect upon the 
potential percentage of C;A. A cement analysis does not distinguish between 
the SO; derived from clinker and that derived from gypsum. It is therefore 
impossible to take the alkalies and SO; from clinker into account in calcu- 
lating potential composition from the analysis of a cement. These minor 
components are somewhat volatile at kiln temperatures, and their relative 
proportions may vary for reasons not yet understood. The writer has found 
instances in which there are significant differences in the relative proportions 
of Na.O, KO, and SO; in clinker discharged simultaneously from kilns fed 
with the same raw mix, and also changes in relative proportions of these 
oxides during the operation of a single kiln. Our present state of knowledge 
does not permit evaluation of the effect of these differences on sulfate resist- 
ance. If the effect should be found to be significant, there would arise the 
problem of operating the cement kiln in such a manner as to control the 
relative proportions of the three oxides. This does not appear at present to 
be technically feasible. 

In calculating potential compound composition it is assumed that the 
clinker has been burned and cooled under such conditions that it is in a state 
of crystalline equilibrium. It is doubtful whether that ideal state is actually 


attained in the commercial process, but it may be approached sufficiently 


to give meaning to the potential compound composition of most cements. 
However, there may be some cements which depart so far from the assumed 
ideal state that they appear as exceptions in data involving compositions of 
cements and their properties. 

In view of the foregoing considerations, the writer is of the opinion that 
inconsistencies in the relation between cement composition and sulfate re- 
sistance are due to departures of the actual compound composition, or 
chemical constitution, from the potential composition. These departures 
may lead to greater or lesser resistance to sulfate attack. Further research 
on cement constitution, and on the course of reactions in the burning and cooi- 
ing operations, is needed. This is the practical approach to the problem of 
improving the process of manufacturing sulfate resistant cement, since 
experimentation on a plant scale is out of the question. The Portland Cement 
Assn. is actively engaged in research on cement constitution. 


By WILLIAM R. LORMANT 


The following comments are offered with the thought of contributing a 
few facts concerning sulfate resistance of portland cement concrete. The 

*Newkirk, Terry F., “Effect of SO; on the Alkali Compounds of Portland Cement Clinker,” Journal of Research, 
National Bureau of Standards, V. 47, 1951, p. 349; Research Paper No. 2261 


+Materials Engineer, Materials Division, Structures Research Department, U. S. Naval Civil Engineering 
Research and Evaluation Laboratory, Port Hueneme, Calif, 
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writer’s interest in the matter extends to portland cement concrete in 
waterfront structures subjected to the action of sea water rather than 
being restricted to the case of concrete pipe exposed to soil sulfates. 
On the other hand, data in the paper under discussion are equally applicable 
to structures erected in areas where alkali soil and ground water are encoun- 
tered. Mr. Miller is to be complimented for his extensive work on the problem 
and for the excellent and concise manner in which he has correlated the test 
data. 

The author concludes that in the design of concrete mixes for maximum 
resistance to sulfate solutions, it is essential that there be provision for low 
permeability, minimum voids, and a maximum of 5.5 percent C;A in the 
portland cement. The writer believes that to these primary considerations 
should be added the factor “type of aggregate.”” The following will serve to 
illustrate the importance of this point. 

Present consensus among writers on the subject indicates recognition of 
four distinct causes of concrete disintegration, namely, cement-aggregate 
reaction, cement-water reaction, aggregate-water reaction, and mechanical 
causes. Of these four causes, the aggregate-water reaction generally is con- 
sidered a minor contributor to concrete disintegration. Nevertheless, there 
is record of at least one major failure that can be traced directly to the use 
of unsuitable aggregate and the subsequent probable formation of sulfo- 
aluminates in the concrete.' Analysis of the disintegrated concrete in the 
Long Beach piles revealed a distinct increase in alumina content as the result 
of soluble alumina in the fine aggregate at the source (a gravel pit). The 
disintegration was confined to pile portions below the water surface and 
Was characterized as “swelling in volume of the concrete affected.” It is 
apropos to point out that Bogue* found the destructive increase in volume, 
due to formation of calcium sulfo-aluminate, can be about 225 percent 


A second point which Mr. Miller makes is that “ much research is 
needed on the practical problem of manufacturing sulfate resistant cements.”’ 
It is agreed that in recent times great emphasis has been placed on so-called 
special cements and admixtures; notable in this regard has been the current 
use of pozzolanic materials such as fly ash. As long ago as Michaelis’s time, 
studies* were made of 23 mortars representing various cements or limes with 
and without pozzolans. These mortars were stored in artificial sea water, 


calcium sulfate solutions, magnesium sulfate solutions, and sodium sulfate 


solutions. All the mortars incorporating cement and not containing pozzolans 


were destroyed; however, the two varieties containing 9 percent alumina 
deteriorated less rapidly than those with less than 6 percent alumina. 


About 1934, Russian experiments? demonstrated that lime leached more 
rapidly from portland cement mortar than from mortar incorporating portland- 
pozzolan cement; this fact would tend to support the hypothesis that perhaps 
free lime (in the form of calcium hydroxide) does not exist in hardened portland- 
pozzolan cement concrete and that this possibility may be the explanation 
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for the rather high resistance of portland-pozzolan cement concrete to the 
destructive action of waters containing sulfates. 

More recently, the record!*.® shows that one type mortar incorporating a 
California brand of portland-pozzolan cement had considerable resistance to 
sulfate attack as well as to the cement-aggregate reaction, despite a relatively 
high C;A content in the cement clinker. The base of this cement was a 
normal portland (C;A content 14.2 percent) which by itself had exhibited 
little resistance to sulfate attack; after modification of the clinker with cal- 
cined shale (Monterey) the resultant portland-pozzolan cement revealed 
comparatively high resistance to sulfate attack and to expansion occasioned 
through the cement-aggregate reaction; the normal portland cement clinker 
contained 0.78 percent total alkali (Va.0). 

The possibility of air entrainment as a solution to the sulfate problem also 
has been explored. As part of a study’ on air entrainment, the sulfate re- 
sistance of normal portland cement containing 10.7 percent C;A was found 
to be greater when nearly 6 percent entrained air was incorporated in the 
mortar; however, no such improved resistance was found in similar studies 
using a cement of lower C3A content. Another investigation' determined 
that the value of air entrainment lies in reducing the absorptive properties 
of concrete and thus increasing its resistance to sulfate-bearing waters. 
However, the evidence indicates that for lean-mix concrete, fabricated with 
a cement containing a relatively high percentage of C3A and subjected to 
strong sulfate action, air entrainment will not insure against deterioration 
of the concrete whereas with rich-mix concretes the use of air entrainment 
seems to preclude disintegration. 

Bogue? found that changes in the C3S and C.S contents of the cement 
do not appreciably affect the degree of resistance to sulfate solutions, and 
that cements low in C;S and high in C34 may be more susceptible to attack 
by sulfate solutions than cements containing nearly the same percentage of 
C;A and higher percentage of CyS. In this connection it is interesting to 
see that Mr. Miller’s test data in Table 1 admirably support the trend detected 
by Bogue and certainly dispel any doubt concerning the effects of CS. 

Mr. Miller further states that “....there is no reason to believe that the 
concept of low C;A for sulfate resistance will be altered appreciably.” 
Granted that low C;A content will assure improved sulfate resistance of 


the concrete, imagine the possibilities of a portland cement containing no 


(3A. Perhaps this is inconceivable; if not, it may be a practical impose?! 
insofar as the manufacture of portland cement is concerned. 

But it is interesting to note that Ferrari® proposed a special cement in which 
the modulus of smelting, AlsO;/Fe.03, is equal to the ratio of the molecular 
weights, or 101.94/159.68 = 0.64. When such is the case, the aluminous oxide 
and ferric oxide are eliminated by the formation of (4A and no C;A is possible. 
Such cement represents the limiting case of the so-called ferric cements for 
which the modulus of smelting is less than 0.64. The iron in this type cement 
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is in excess of the aluminum and forms the compound 2Ca0O-Fe.03; which 
remains in solid solution in the tetracalcium ferro-aluminate (4CaO-Al.0,- 
FeO;). These ferric cements have been produced commercially in Italy. 

A further advance in the direction of C3A-free cements has been the so- 
called ferric-pozzolana cements which incorporate from 25 to 40. percent 
pozzolans and which disclose greater sulfate resistance than the ordinary 
ferric cements. 

Considering the general aspects of the research cited, it would appear that 
today the concrete technologist’s most encouraging answer to the sulfate 
resistance problem is found in the use of pozzolans and air-entraining agents. 
This action may be only expedient until improvements are made in the manu- 
facture of sulfate-resistant portland cement. 
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By BAILEY TREMPER* 


No exception is taken to the author’s conclusion that the resistance of 
concrete to sulfate bearing waters is greatly improved through the use of 
portland cement that is low in potential C;A. His recommendation of a 
permissible limit for C3;A of 5.5 percent practically restricts the selection 
among commercially available cements to those conforming to the require- 
ments for Type V. In view of the fact that Type V cement is not readily 
available in all localities and, if available, usually is sold at a premium, it is 
regretted that he did not comment on the possibility of manufacturing sulfate 
resistant concrete pipe with other types of cement. The author has shown 
elsewhere that resistance can be improved by steam curing and there are 
data indicating improved resistance through air entrainment. It would be 


helpful if he would comment on the relative resistance that could be expected 


*Supervising Materials and Research Engineer, California Division of Highways, Sacramento, Calif 





224-6 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1953 


by methods such as these with, say, a Type II cement. 

Presumably the author in setting a permissible limit of 5.5 percent C3A 
refers to exposures in which the sulfate content of the water is in excess of 
the critical limit shown by him to correspond to 0.5 percent magnesium 
sulfate. What limit on C;,A does he recommend for sea water? 

The author stresses low permeability as a primary requisite for good re- 
sistance. Is the standard boiling test for absorption in ASTM Designation 
© 4-50T an adequate measure of permeability and, if so, what should be the 
upper limit? 


AUTHOR'S CLOSURE 


The over-all criticisms of this paper by Mr. Lorman and by Mr. Tremper 
seem to be chiefly those of omission. Therefore, let it be made clear that 
the sole object that the author had in mind when this paper was prepared 
was to present the data for these 19 regular and 19 companion modified 
cements in a manner which would be convincing regarding the influence 
that the potential compound tricalcium-aluminate (C34) had on sulfate 
resistance. It was the intention to show as clearly as possible that the re- 
sistance of a given cement increased as the C;A decreased. 

While not reported in the paper, there seems to be “a point of diminishing 
returns” with reduction of C;A as one cement of a group of 122 commerical 
portland cements tested at Minngsota was without this compound and did 
no better than rate fifth in resistance. 


The merits of certain pozzolans in some concrete mixes is not questioned 


as this seems to have been well established, particularly in recent years by 
R. KE. Davis of the University of California and many other workers in the 
western states. Neither are the advantages of high-temperature steam 
curing of concrete pipe questioned. It is felt strongly, though, that an engi- 
neer responsible for an expensive pipe line which will be exposed to soils rich 
in sulfates would be wise to do everything within reason to secure pipe made 
with a sulfate resistant cement. From there on, anything that was done with 
the intention of increasing sulfate resistance would, if suecessful, be added 
insurance of durability. 

High-pressure steam-cured concrete is undoubtedly extremely resistant to 
both sodium and magnesium sulfate. This was reported as far back as 1924 
based on work at the University of Minnesota. An 18-page chapter was 
devoted to this subject in Technical Bulletin No. 194, “Long-Time Tests of 
Concretes and Mortars Exposed to Sulfate Waters,’ Minnesota Agricultural 
Kxperiment Station, May, 1951. T. Thorvaldson reported similar results 
with steam-cured specimens at the University of Saskatchewan about the 
time of the earlier work at Minnesota. Independently, the conclusion was 
reached by these two agencies that high-temperature steam curing (212 
to 350 F) properly done, increased resistance almost to the point of immunity. 
Here again, though, for critical work, it would still be advisable as an added 
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safety factor, to use a low C;A cement for sulfate exposure even though the 
pipe were adequately steam cured. 

The work on pozzolans reported in Technical Bulletin No. 194 consisted 
of long-time tests for sulfate resistance of seven commercial high-silica cements 
(S702 from 29 to 34 percent) and 18 products used as admixtures and replace- 
ments which ranged in silica from 56 to 97 percent for the 13 which were 
analyzed. None of these admixtures gave results better than “slightly 
beneficial.”’ 

Results with cylinders made with the seven high-silica cements averaged 
better than did those with the siliceous admixtures although cylinders made 
with but two of the seven cements were in good enough condition for com- 
pression tests after ten years in the mixed sulfate water of Medicine Lake. 
In 1 percent solutions in the laboratory, cylinders made with five of the 
seven cements gave compression tests which ranged from fair to excellent 
(3720 to 6710 psi) after 10 to 11 years in sodium sulfate, but only the cylinders 
made with three of the seven cements had compressive strengths which rated 
fair (3010 to 3970 psi) after 10 to 11 years in magnesium sulfate. 

One characteristic common to the cylinders made with pozzolan cements 
was the loss in weight due to loosened material at the surface even when 
change in volume was small. This is illustrated in Fig. A for 2 x 4-in. cylinders 
made with one of the seven pozzolan cements after exposures for ten years. 
Compressive strengths of these ten-year cylinders were 4210, 3010, and 
6710 psi, respectively, for those from Medicine Lake, and the solutions of 
magnesium sulfate and sodium sulfate. Surprisingly, there was no change 
in length by as much as 0.0006 in. for the cylinders of this cement in either 
the magnesium or sodium sulfate solutions even though the ones in mag- 
nesium sulfate had but 38 percent of the strength of companion cylinders at 
five years which had been stored in plain water. There was a loss in weight 
of the cylinders stored in Medicine Lake and the magnesium sulfate which 
corresponded with the appearances, roughly around 35 percent loss for the 
MgSO, cylinders. In general, the range in sulfate resistance of these seven 
high-silica cements did not differ greatly in magnitude from that of the 122 
portland cements which were being tested about this same time. 

It may be argued that pozzolan cement concrete which deteriorates in service 
without expansion is preferable to that made with a portland cement which 
fails physically by volume increase. From the standpoint of concrete pipe, 
though, failure would be complete in either case due to eventual loss in sup- 
porting strength and by enlargement of the openings at the end joirits. 


It was not detected that there was any correlation of chemical composition 


and differences in sulfate resistance of the high-silica products of these experi- 


ments, whether admixtures or cements. Specifications are not available 
which adequately cover the physical and chemical properties of pozzolans 
in a manner that makes it possible to determine in advance whether or not 
a particular product is desirable in a concrete mix as a means of increasing 
sulfate resistance. It is, therefore, difficult for the author to advocate the 
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Fig. A—Concrete cylinders made with a pozzolan cement (33 percent SiO.) following exposures 
for ten years 


use of such a material, particularly in drain tile for areas where reactive 


aggregates have not been a problem and where sulfate resistant portland 
cements are not too difficult to obtain. 

Most of the work on sulfate resistant concrete at the University of Minnesota 
was completed before air entrainment came into the picture. As a consequence, 
results of tests along this line are so meager that it is with some hesitation 
that reference to the following limited data is introduced in this discussion. 
It is believed worthwhile to do so, though, to again emphasize the importance 
of using a sulfate resistant cement as the starting point. If it is desired to 
use an air-entraining portland cement in concrete to be exposed to sulfates, 
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the cement, independent of the air-entraining agent, should be sulfate 
resistant. 

Two cements from the same mill were used in the Minnesota tests. During 
the grinding of the cements, 0.04 percent of an air-entraining agent had been 
added. Normally, the cement from this mill is ASTM Type I and this was 
modified to meet ASTM Type II requirements. Companion cements without 
the air-entraining agent were tested at the same time. The Type I cement 
had 13.7 percent of the potential compound tricalcium aluminate (C34) 
while the Type II] cement had 5.1 percent. As used with identical water- 
cement ratios in hand-tamped cylinders, the air-entraining agent had little 
effect on sulfate resistance. The test data show that all of the cylinders made 
with Type I cement had disintegrated within three years, whether or not 
the cement contained the air-entraining agent. On the other hand, the 
cylinders made with both treated and untreated Type II cement gave fairly 
good tests after five and ten years in Medicine Lake, with slightly better 
results for the air-entraining cement. 

Perhaps the answer to Mr. Tremper’s statement that “f....Type V cement 
is not readily available in all localities. ... ”’ is in the comments on this paper 
by Mr. Dahl looking toward increasing the knowledge of manufacturing 
processes involved in sulfate resistant cements. Furthermore, the Canada 
Cement Co. has been producing their sulfate resistant portland cement, 
“Kalicrete,” for a number of years. Also, there are several plants in the 
United States which regularly produce Type II cements that closely approach 
Type V in the essential of a low percentage of the potential compound (,A. 
There does not seem to be valid reason for not producing low C;A cements, 
providing there is demand for it. 

The author does not feel that the studies which were made under his 
direction at the University of Minnesota qualifies him to express an opinion 
on the desirable limitations of C;A for a cement for concrete in sea water. 


However, in view of the fact that normal sea water carries around 3500 ppm 


(0.35 percent) magnesium sulfate, it can be reasoned that only cements 
relatively low in (3A should be used in important sea water construction. 
This statement is made with the full realization that it has been reported 
many times that there are sea water structures which have given excellent 
service even though made with cements relatively high in C;A. There are 
many factors, some favorable and some unfavorable, involved in sea water 
construction which are unrelated to exposure conditions of most concrete 
pipe in service. 

The standard boiling test for drain tile, currently ASTM Designation 
C4-50T, is useful as an indicator of permeability but is far from infallible, 
especially for tile in the manufacture of which there has been added any 
admixture that is water repellent. Such an admixture may reduce the ab- 
sorption by one-half or more and at the same time may have little or no 
effect on permeability. The hydrostatic test of the “Standard Specifications 
for Concrete Sewer Pipe,’ ASTM Designation C14-52 should be a better 
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measure of permeability than is the absorption test of C4-50T although it is 
possible for the surface condition of the inside of a pipe to cause the hydro- 
static test to indicate a lower permeability of the tile shell underneath the 
inside surface film than the shell as a whole actually has. Therefore, some 
discretion must be exercised when interpreting test results by either the 
absorption test or the hydrostatic test method if a true picture is to be 
obtained of the permeability of the wall of a pipe. 

Mr. Dahl’s comments are extremely interesting, particularly the statement 
in the last paragraph to the effect that: 

i inconsistencies in the relation between cement composition and sulfate resistance 
are due to departures of the actual compound composition, or chemical constitution, from the 
potential composition. These departures may lead to greater or lesser resistance to sulfate 
attack. Further research on cement constitution, and on the course of reactions in the burning 
and cooling operations, is needed. This is the practical approach to the problem of improv- 
ing the process of manufacturing sulfate resistant cement, since experimentation on a plant 
scale is out of the question.” 

With this approach, the gap between laboratory findings and plant practices 
is certain to be narrowed, if not completely closed. 

The author wishes to thank Messrs. Dahl, Lorman, and Tremper for 
thoughtfully reviewing this paper. Their comments gave the author oppor- 
tunity to discuss briefly a number of matters related to the sulfate resistance 
of concrete not mentioned in the original paper. 

In conclusion, the author cannot adequately express his deep appreciation 
for the kind remarks by R. H. Bogue. If these are merited to any degree, 
it is due to having had the finest support possible from the organizations and 


individuals that cooperated throughout the years in this work at the University 
of Minnesota. 








Title No. 49-17 


Free-Span Prestressed Concrete Bridge 


By U. FINSTERWALDERt 
SYNOPSIS 


Short description of prestressing system and construction of the bridge over 
the Neckar river in Neckarrems, Germany, using a free-span prestressed con- 
crete system. 


INTRODUCTION 


The stress state in a prestressed concrete structure results from the super- 
position of the strains arising from dead load and traffic load, and those 
arising from the artificially introduced prestressing forces. As the latter 
should as far as possible compensate for the former, the resultant is a differ- 
ence between two stress states of the same order. Thus it is important to 
ascertain correctly the stress induced by the loads as well as to introduce the 
prestressing exactly. From the safety point of view it is not sufficient to 
ascertain the serviceable state of the structure in which the stresses from 
loads and prestressed forces mostly neutralize each other. To guarantee the 
same safety as in normal structures, it is essential that the breaking point 
representing serious damage occur only with 1.75 times the dead and traffie 
loads, for this overloading would, in a normal steel girder, also be at the 
yield point of the steel. 

While bond is not important at working loads, stresses arising from overloads 
are introduced after bond takes place between concrete and reinforcing steel, 
i.e., as in the normal concrete. It follows, therefore, that a uniform distribu- 
tion of the reinforcement into small members is necessary. This applies for 
the serviceable state so that tensile stresses from dead and traffic loads are 
distributed in the structure. Normal reinforcement is necessary only in small 
quantities. 


DYWIDAG SYSTEM 


These considerations governed the development of the Dywidag prestressed 
system, in which numerous small prestressed members are uniformly inter- 
spersed in the concrete. Choice of suitable prestressing steel was also a 
decisive factor. 

The first experiments in prestressed concrete by Koenen showed con- 
siderable loss in prestress. In view of the low quality of steel, only limited 
prestressing forces could be applied. The reason for this phenomenon was 
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later discovered to be shrinkage and creep. Later, to diminish these losses of 
prestressing, higher prestressing of the steel was introduced by the use of 
extremely strong wires. In the Dywidag process “Stahl 90” is used because 
the stresses on the transition from serviceable load to 1.75 times serviceable 
load increase from about 4500 kg per sq em (64,000 psi) to 6500 kg per sq em 
(93,000 psi), or approximately 2000 kg per sq em (29,000 psi). Thus, con- 
sidering the rod elongation of 1 mm per m (0.1 percent), no more unfavorable 
cracking will occur than with the normal concrete at working load. Stahl 90 
is a tempered, naturally hard steel with a distinct yield point at 6500 kg per 
sq em (93,000 psi). The ultimate strength is 9000 kg per sq em (128,000 psi), 
and the creep limit is 5500 kg per sq em (78,300 psi). Average elongation is 
14 percent. 

-Loss of stress through shrinkage and creep in Stahl 90 is somewhat greater 
than in higher stressed steels. This is of no great importance as the Dywidag 
system uses limited prestressing. 

Considering the high stresses to which the stress rods are permanently 
subjected, it was necessary to test the rods and anchorages. In systematic 


tests with a pulsatory machine, the steel resisted a swell value of 700 kg per 


sq cm (10,000 psi), superimposed on a basic stress of 4500 kg per sq em (64,000 
psi), Which means a top stress of 5200 kg per sq em (74,000 psi). The number 
of resisted load changes with this swell value is practically unlimited. Change 
of stress at 5 cycles per second was more severe than in a structure so that the 
ascertained limit could be approached. This, however, is not necessary, as in 
prestressed concrete maximum requirements are only 200 to 500 kg per sq em 
(2900 to 7200 psi) 

Stahl 90 has a uniform diameter of 26 mm (1.024 in.). Each rod is provided 
at both ends with rolled-on fine threads, the root diameter of which is 25 mm 
(0.984 in.), full diameter is 27 mm (1.063 in.) and lead is 2 mm (about 1/12 
in.). In rolled-on threads the notch effect of cut threads is avoided and the 
material is so tempered by the high pressure that the same strength is ob- 
tained in the core cross section as in the root cross section. The rods are 
delivered in desired lengths and joined at the site by sleeves to the required 
sections so that an exact adaption of the prestressing to the stress distribution 
is possible. At the ends, the rods are anchored with normal nuts and anchor 
plates 140 x 140 x 30 mm (5!9 x 5!9 x 13/16 in.). The prestressed rods are 
put in 30-mm (1 3/16-in.) diameter waterproof tubes so there is no initial 
bond between rods and concrete. At the joints, the tubes are connected 
by rubber sleeves, and at the end are placed into the hole of the anchor plate. 
The prestressing force of 24 tons is applied by means of a special hydraulic 
press supported on the anchor plate and the spindle of which is connected to 
the thread of the steel to be prestressed (Fig. 1). The anchoring nut is con- 
tinuously screwed by a ratchet connected to the press and a meter indicates 
the screwing of the nut to an accuracy of 0.1 mm (0.004 in.). Stress values 
are calculated for every rod with regard to steel elongation and upsetting of 
the concrete. Manometer pressure is an additional control over the pre- 





FREE-SPAN PRESTRESSED CONCRETE BRIDGE 


Fig. 1—Hydraulic jack for prestressing 


stressing and prevents unintentional stressing of the rods beyond the yield 


point. After stressing the rods, grout with a water-cement ratio of 0.55 is 
injected under pressure into the tubes to create bond. 


FREE-SPAN CONSTRUCTION 


Difficulties in bridge building resulting from the use of centerings on rocky 
ground, in deep valleys in danger of inundation, clearance for river traffic, or 
through ruins of destroyed bridges made a method avoiding these conditions 
desirable. By connecting short prestressed sections, concrete free-span 
construction, previously unknown, became possible. The first application of 
this method was in the construction of the Lahn bridge at Balduinstein, 
Germany. Another bridge to which the method was applied is the Neckar 
bridge at Neckarrems. 

Construction of the Neckar bridge 

Shortly before the end of the war, the bridge over the Neckar connecting the 
districts of Ludwigsburg and Waiblingen near Stuttgart was destroyed. This 
bridge was built in 1934 as an arch disc, and had a clear span of 71 m (232 ft 
11 in.) and a width of 10 m (32 ft 10 in.). 

Choice of bridge system 

Since the abutments were undamaged, a frame structure was chosen, a 
system used in the Gaenstor bridge in Ulm over the Danube, the Lechhauser 
bridge in Augsburg and the Foehrer bridge in Berlin. Its advantage is that it 
has no abutment hinges in the water, thus avoiding attack by water and 
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the need for protection with waterproof locks. As the latter construction has so 
far proved unsatisfactory, a slender design was adopted which avoided hinges 
but was still able to follow the shifting and angular motions of the structure. 

This was made possible by making the abutments and the crown of the 
frame so elastic that the supporting power goes through the center of the 
abutment hinges and through the core of the crown cross section. Omitting 
the crown hinges appears especially useful in slender structures, as hinges 
through permanent deformations cause additional stresses because of bending 
in the girder axis. Construction without crown hinges is considerably facili- 
tated by prestressing, which allows fewer angular motions than does bending 
without prestressing. The frame stems are divided into triangles formed by 
the prolongated frame side member, the vertical pressure supports, and the 
inclined prestressed tension struts (Fig. 2). The axial intersection of the 
pressure and tension members lies in the center of the foundation joint. 
These members are so formed that they follow, with the permissible stress 
on a firm foundation, the shifting and angular torsions resulting from de- 
formation of the frame. Eccentricity in the frame and foundation members 
is therefore of no importance. 


Bridge characteristics 

The bridge has a clear span of 71 m (232 ft 11 in.), and a height of about 
10.50 m (34 ft 5 in.) measured from the top edge of the foundation to the top 
edge of the roadway. The total width is 9.50 m (31 ft 2 in.) between the 
railings and comprises a 7 m (23 ft) wide roadway and a 1.25 m (49 in.) foot- 
path on each side. Total length is 95 m (311 ft 8 in.). The cross section of 
the bridge is formed by the two main girders and the deck having a thickness 
of 21 em (84 in.), of which 5 m (16 ft 5 in.) is supported and 2.25 m (7 ft 
fin.) overhangs the exterior edge of the longitudinal girders. Cross girders 
were not used as the two-way prestressing of the deck was sufficient for load 
distribution. Transverse girders were used only at the abutments and the 
ends of the bridge to fix the longitudinal girders for the torsional stresses, 
and to provide necessary rigidity on the sides. 

The longitudinal girders are 0.50 m (19 11/16 in.) wide; their height in- 
creases from the crown toward the abutment from 1.40 to 5.45 m (4 ft 7 in. 
to 17 ft llin.). 

Pressure and tension struts of the frame stems are walls measuring 0.20 to 
0.60 m (8 to 24 in.) thick and 2 to 5.50 m (6 ft 7 in. to 18 ft) deep. 

Relatively large projections of the deck are necessary as the deck and the 
longitudinal girders are constructed as a uniform load-carrying body with the 


girder in the center of each half of the deck. This considerably simplifies the 


cross section of the bridge and permits a simpler arrangement of the pre- 
stressed rods. 
Loads and stresses 

Design of the load-bearing structure was based on a 45-ton heavy truck 
with a 3-m (9 ft 10 in.) gage and distributed load of 0.5 tons per sq m (102.4 Ib 
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Fig. 2—Prestressed tension struts of the frame 


per sq ft). The remaining area is loaded with 0.3 tons per sq m (61.4 Ib per 
sq ft). Impact was specified as 1.4 tons per sq m (286.7 lb per sq ft) for the 
deck and 1.0 ton per sq m (204.8 lb per sq ft) for main load-bearing structure 

In view of the high initial stresses, concrete with a strength of 450 kg per 
sq em (6400 psi) was specified for the main carrying structure. High quality 
concrete with a strength of 375 kg per sq em (5300 psi) was used. The water- 
cement ratio was 0.45. In addition to Stahl 90, mild steel reinforcement was 
used. 
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Deck 

The composite action of the deck and the longitudinal girders was considered 
in each section. Thus a load distribution of 16 percent was attained in the 
center of the bridge increasing to 80 percent toward the supports. Conse- 
quently, 3.3 26-mm diameter transverse prestressing rods per m (nominal 


l-in. round rods at 12 in. centers) were laid in the bridge and up to 2.44 26- 
mm rods per m (nominal I-in. round rods at 16 in. centers) at the supports. 
In addition, normal reinforcement was used in top and bottom of the deck 
to absorb temperature stresses and shrinkage. A 5-cm (2-in.) bitumen wearing 
course was used. 
Longitudinal girders 

For the reinforcement of the longitudinal girders the stresses appearing in 
the corbelling girder resulting from the free-span construction, as well as in 
the definitive state of the frame, were decisive. Thereof, the calculation was 
carried out for the following loadings: prestressing, dead load, traffic load, 
creep, shrinkage and temperature. The prestressing reinforcement at the 
beginning of each longitudinal girder consists of 40 26-mm rods (nominal 1 
in. round) which decrease toward the center of the bridge according to the 
corbelling moments. Furthermore, additional reinforcement of 20 26-mm 
rods (nominal 1 in. round) extending over the whole length of the bridge is 
used in each girder. At the end of the girder these are in the upper side, and 
in the middle of the girder in the lower side according to the frame moments. 
According to the tensile forces in the deck and longitudinal girder the 60 26- 
mm (nominal | in. round) diameter rods are distributed 40 in the deck and 


Fig. 3—Reinforcement on deck for prestressing before starting the free span 
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Fig. 4—First section of the free span 


20 in the girder. Rods are spaced to allow proper concreting and vibration. 
Fach tension strut of the frame contains 28 26-mm (nominal | in. round) rods. 
Erection 

Construction of the Neckar bridge began on both banks of the river in 
single sections 3 m (9 ft 10 in.) long up to the temporary piers placed at a 
distance of 11.5 m (37 ft 9 in.) (Fig. 3 and 4). The necessary counterbalance 
was provided by gravel ballast on the bridge. On reaching the temporary 
pier, the bridge rested on the hydraulic lifting Jacks of the piers, the gravel 
ballast was gradually removed and free-span construction continued (Fig. 5). 

The prestressed reinforcement was 6 m (19 ft 8 in.) long rods provided with 
tubes and sleeves so that on each section half of the sleeve joints were in one 


Fig. 5—Free-span construction extending past the temporary piers 
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working joint. Rods to be anchored in one section were provided with built- 


Fig. 6—Getting ready for the last two sections 


in anchor plates and temporary fixing plates. Prestressing the rods and 
injecting the grout was done with every section. Rods running the whole 
length of the bridge were also placed in sections. These rods were prestressed 
simultaneously from both ends of the bridge after the closing of the bridge 
and hardening of the last section (Fig. 6). After stressing 8 of the 20 rods in 
each girder running the whole length of the bridge and the corresponding 
number of prestressed rods in the tension struts, the temporary piers were 
removed and the frame system came into effect. Deflection took place in 8 
increments of 1.2 mm (0.05 in.) each simultaneously at the four supporting 
points of the temporary piers, corresponding to a pier release of 50 tons each 
and an increase of the horizontal thrust of 57 tons. Work at the hydraulic 
lifting jacks was considerably facilitated by adjusting rings. Deflection 
corresponding to 50 tons for every pier was particularly observed and was 
completed in one hour without incident. Then the remaining rods were 
prestressed and grouted. With that the load-carrying structure was com- 
pleted and the secondary work, 7¢.e., concreting of the cornices and sidewalks, 
placing the railing and laying the wearing course, was done (Fig. 7). 


Fig. 7—With the temporary piers removed, the frame construction came into effect 
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Bracing Walls for Multistory Buildings*® 


By NORMAN B. GREENT 


SYNOPSIS 


Methods are developed for the stress analysis and design of the multistory 
reinforced concrete bracing wall, by treating it as a special type of beam and 
column frame having relatively wide members. Elastic requirements for a 
bracing wall are established. There is a discussion of the general problem of 
lateral load distribution to bracing walls and an entirely new method of dis- 
tribution is presented, which equalizes wall deflections. 


INTRODUCTION 


A bracing wall is an exterior or interior wall of a building that functions 
as a structural unit in resisting lateral forces. If the wall itself rather than a 
skeleton frame is designed to accomplish this purpose, increased strength 
and stiffness can be attained. This is particularly advantageous in seismic 
regions. 

Bracing walls are usually of reinforced concrete and may be either bearing 
walls or curtain walls. The bearing wall is better, since it is thicker and pro- 
vides more space for reinforcing. It may be employed for relatively high 
multistory buildings, if the piers between the windows in the lower stories are 
designed and reinforced as columns rather than as walls. 

There is a lack of published information relative to the general problem 
of design of multistory bracing walls; such information as there is relates 
only to small buildings. 


STRESS ANALYSIS 
Method of analysis 


A bracing wall with window openings may be considered as a type of frame 
in which the piers between the windows correspond to the columns of the 
frame and the spandrels constitute the beams. The essential difference is 
that the piers and spandrels are relatively wide, which changes the geometry 
of their deformation and necessitates that the stress analysis include the 
effects of shear stress as well as bending stress. 

The analysis is based on the assumption that the lengths of the piers and 
spandrels do not change. Furthermore the inflection points of the piers and 
spandrels must be at the centers of their lengths, which establishes certain 
requirements for the elastic properties of the wall. 
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This type of analysis is referred to as the “‘portal’”’ method when it is applied 
to frames. It is commonly employed to determine stresses in bracing frames 
of buildings up to about 25 stories and of a height-width ratio not greater 
than 4 or 5. It is logical to assume that the portal theory as modified to 
apply to walls may be utilized in the same manner and subject to the same 
limitations. 


The total horizontal shear force acting in any given story of a bracing wall 
will be distributed to the several piers in the story in proportion to their stiff- 
nesses, because all the piers have the same deflection when the lengths of the 
spandrels do not change. The stiffness of a pier is measured by its stiffness 
factor, which is the force required to produce a unit deflection of the pier. 


Nomenclature 
height of pier, which is the height of the window opening (ft) 
width of nth pier of a series of consecutively numbered piers in a wall (ft) 
thickness of pier or spandrel (ft) 
length of nth spandrel of a series of consecutively numbered spandrels in a wall (ft) 
width of spandrel (ft) 
story height of bracing wall (ft) 
horizontal deflection of pier due to its bending and shear deformation 
horizontal deflection of pier due to bending deformation of the spandrel 
bending deflection of the nth spandrel 
slope of the elastic line of the spandrel at nth pier 
horizontal shear force acting on nth pier (kips) 
shear force in nth spandrel (kips) 
10 = a number proportional to the tensile and compressive stress modulus of concrete 
4 = a number proportional to the shear stress modulus of concrete 
= pier stiffness factor, including only effect of bending and shear deformation of pier 
K, = pier stiffness factor, including the effect of both pier and spandrel deformation 
Stiffness factors of wall piers 
Consider first the case in which the spandrels are assumed to be rigid in 
flexure. Then a pier acts as a vertical beam fixed at the window head and sill 
and if b is the width of any pier and F is the shear force acting on it, 
FR 12Fl (1) 
Etb’ E,tb 
If 6 = lin Eq. 1, the force F is the stiffness factor, therefore, 
10¢ 
3l 
b3 t b 


(2) 


Fig. 1 gives the values of AK from Eq. 2 for a wall thickness of 1 ft. Stiff- 
ness factors for piers having other thicknesses can be obtained by direct 
proportion. 

Kq. 2 is derived for a pier of rectangular section. A corner pier is actually 
L-shaped since the wall return or intersecting wall will act integrally with the 
pier in resisting bending moments and shear forces. With regard to bending 
moments, a wall pier with an inflection point at the center is in the same stress 
condition as each half span of a continuous beam infinitely long on equidistant 
supports, having equal concentrated loads at midspans. ‘Theoretical investi- 
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gations have determined the effective width of 7 for this ideal continuous 
beam. In accordance with the results of these investigations, the ACI Build- 
ing Code specifies an effective overhanging flange width of 1/12 the span 
length for a beam having a flange on one side only. Applying the beam 
analogy to a corner pier, the effective wall return which corresponds to the 
flange width of the beam would be 1/6 the window height. The height of 
windows usually varies between 5 and 7 ft, depending on the purposes of the 
building. For an average window height of 6 ft the wall return that should 
be considered as acting with the corner pier is therefore 1 ft. On this basis, 
the stiffness factor of an L-shaped corner pier may be obtained by multi- 
plying the value given by Eq. 2 for a rectangular pier by a correction factor 
from Fig. 1A. This factor is the ratio of the stiffness of the L-shaped pier 
to that of the rectangular pier. 

To calculate the effect of bending of the spandrels on the stiffness of the 
pier, it may be assumed that the inflection points of the spandrels remain 
on the straight line connecting the points of intersection of the centerlines 
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f Fig. 2—Pier deflection due to 
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of the piers and spandrels. Then if the pier is assumed to be rigid, the pier 
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deflection due to bending of the spandrel can be represented by Fig. 2, from 
which it will be seen that 
(3) 

and if y, and y,4,, are expressed in terms of V, and V,.,, from the expression 
for the deflection of a cantilever beam, there is obtained, 

Ly (Lant1 + bn) 

Viti = Vs a 
| Ps am | (La T b,) 


For equilibrium 


ie : eee 
} n x t Vati = Fh eee 
2 2 


Substituting the value of V,,, from Eq. 4 into Eq. 5 and solving for V, 
2Fh 
L2 (Lat: + ba)? © 

(Ln +b.) += 
L>+ l (La +- b,) 


Moment of inertia of the spandrel is tm*/12. Deflection of the spandrel may 


- (6) 


now be written in terms of its moment of inertia and the load V, from Eq. 6 
as follows 
Fh x iD « -_ 
Ta bt * Bm .(7) 
(L, + bn) 4 
L, t1 (La T b,.) 
From similar triangles in Fig. 2, it is apparent that 


9 


- 


fn " | (8 
oT Sak 9) 


Substituting the expression for y, from Eq. 7 into Eq. 8 and setting E = 10, 
there is obtained 
F h? L', 


i AT L® (Ln+1 + ba)? ae 
(Lan + b,)? 4 F 5 m' t 
4aTl 


which is the deflection of the pier in one story due to spandrel bending. Now 
if this deflection is added to the deflection due to shear and bending deforma- 
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tion of the pier, which is F/K, the total deflection is f + F/K and the stiffness 
factor of the pier including the effect of spandrel bending is 
K,=- : > : Rs (10) 
f+F/K f/F + 1/K 
At the end pier the moment is resisted by only one spandrel and _ setting 
(Linay + 6.) = Oin Eq. 9, there is obtained 
Fh? L,, 
f= eee ‘ ; (11) 
(Ln + bn)? X Smit 
which should be substituted in Eq. 10 to obtain the stiffness factor for the end 
pier. In Eq. 11, }, is the width of either of the two end piers and L, is the 
length of the corresponding end spandrel. 
As a rule of thumb it may be stated that if the ratio A,/K is less than 0.8, 
the pier stiffness factor should include the effect of spandrel bending. 


Elastic requirements 

Although the inflection points in the piers of a bracing wall will usually 
be close to the mid-height of the windows as assumed in the portal theory, 
the inflection points in the spandrels will not be at their centers unless the 
pier widths and stiffnesses and the spandrel lengths comply with definite 
requirements. These requirements may be established as follows. 

The position of the inflection point in a spandrel of length L,, is determined 
by the slope 6, and 0,,, of the elastic line of the spandrel at its two ends. 
If the point of inflection falls at the midpoint of the spandrel and on the 
straight line connecting the intersections of the centerlines of the piers and 
spandrels, the bending deflection of each half of the spandrel is the same 
and it can be shown that 

b, + L, 

On+1 0, h i (12) 

If the slope 0; at the end pier is assigned any arbitrary value, the required 
slope at each successive pier, to the opposite end, can be computed from Eq. 
12. The problem now is to adjust the stiffness of each pier so that the load 
F,, that it resists and the couple that is thereby produced will bend the spandrel 
through the required angle 9, 

The relation between F,, and 0, for intermediate piers can be derived from 


. oa jm t a , 
Kq. 9 by substituting 0, = f/h and = constant 1. There is obtained 


(13) 


For the common case in which all spandrels have the same length L, Eq. 13 
reduces to 
2(b, + L)’ 6, 


L 


Similarly, for the two end piers, from Eq. 11 there is obtained 


F, 
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TABLE 1—COMPUTATIONS FOR EXAMPLE OF STRESS ANALYSIS 





SHEAR FORCE DISTRIBUTION 
By Elastic By Stiffness 
Requirements Factors 


8 K, Shear 
Eq. 12 \fo 14,15 £9 10 Force 


/00,0) 38.8 0.43 11,8 














81.5 | 914.5 1,05 28.8 





el 





au 















































: (b, + Li)? 0; ; 
F, or I 
L, 


where n in the second equation is the number of the last pier. 


The required stiffness factors of the piers are proportional to the forces 
F, or F,, as calculated from Eq. 13, 14 and 15. The actual design of a bracing 
wall so that it will have the required stiffness factors for the piers, can be 
accomplished by trial. 


Example of stress analysis 

Let it be required to design a bracing wall 40 ft long, having four equally 
spaced windows 5 ft 6 in. wide by 6 ft high in each 10-ft story. From the 
computations tabulated in Table 1, it will be seen that if the end piers have a 
width of 2.52 ft and the intermediate piers are 4.32 ft wide, the shear force 
distribution to the piers is the same whether it is determined by the elastic 
requirements for the wall or by the pier stiffness factors. In other words, 
the wall complies with the elastic requirements of the portal theory. 

Fig. 3 shows a portion of this wall one story high that is subjected to an 
assumed shear force of 110 kips. ‘This total force is distributed so that piers 
1 and 5 each get 11.8 kips and piers 2, 3 and 4 get 28.8 kips in accordance 
with the figures in the last column of the table. 

The spandrel shears are obtained by balancing moments about the points of 
intersection of the centerlines of the piers and spandrels, as follows 

118 & 10 
Vi V4 29.4 
1.01 
(28.8 10) — (29.4 & 4.91) 
V; V; 29.4 
1.91 

For vertical equilibrium of the piers, it is apparent that the axial force in 
each of the two end piers must be 29.4 kips to balance the shear in the end 
spandrel, and the axial force in each of the other piers is zero. In other words, 
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Fig. 3—Portion of wall one story high 


all of the overturning moment is resisted by the two end piers. The axial 
force 29.4 is the increment of load that is introduced in the story. To get the 
total pier load, this must be added to the sum of the increments that are 
introduced in the stories above. 


This example is for a uniform wall thickness. If the thickness of the wall 
of Fig. 3 changes at the floor line, then the factors AK should be based on the 
average of the pier thickness in the upper story and that in the lower story. 
The deflection f should be based on an equivalent spandrel thickness that 
gives the same moment of inertia as the actual spandrel section of varying 
thickness. 


It is possible to comply with elastic requirements for a bracing wall by 
establishing the thicknesses of the piers instead of their widths. This could 
be accomplished in the preceding example if each pier is 3.6 ft wide and piers 
2,3 and 4 are 2.43 times as thick as piers 1 and 5. The factor 2.43 is twice 
the corner pier correction factor ?. Although this design is simple, ordinarily 
it would not be an economical solution, because it would involve excess con- 
crete in the intermediate piers. 


DISTRIBUTION OF LATERAL FORCES TO BRACING WALLS 


Nomenclature 
In addition to the terms already defined, the following will be employed. 

H height of a bracing wall from the ground to the loaded floor (ft) 

a horizontal load distributed to a bracing wall at the loaded floor (kips) 

aH height from the ground to the lower floor at which wall deflections are equalized (it) 

Ww redistributed load which is applied to a bracing wall at height a/7 above ground (kips) 

I weighted average of the moment of inertia of a horizontal section of a bracing wall 
through the windows and through the spandrel or solid wall (ft*) 

S shear stiffness factor, which is the force required to produce a unit shear deflection of a 
one story portion of a bracing wall 
horizontal deflection of a bracing wall at the loaded floor 
horizontal deflection of a bracing wall at the height aH above the ground 
shear deflection that occurs in one story of a bracing wall 
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Basic assumptions 

The load distribution analysis is based on the following assumptions. (1) 
The reinforced concrete floors and roof of a building act as rigid diaphragms 
to distribute lateral forces to the bracing walls, through which they are trans- 
mitted to the ground. (2) The building does not undergo any torsion under 
the action of lateral forces, so that the horizontal deflection is the same at 
each floor or roof diaphragm, for each of the bracing walls. (3) The bracing 
walls are located symmetrically in the building, as illustrated by Fig. 7, un- 


less they are classified as shear deformed walls, in accordance with require- 


ments that are established hereinafter, in which case they may be located 
either symmetrically or unsymmetrically. (4) The foundations of the bracing 
walls are unyielding. 

The first assumption will ordinarily be sufficiently accurate, if the maximum 
lateral distance that loads must be distributed by the floor or roof acting as a 
diaphragm, does not exceed about 314 times the width of the floor or roof in the 
direction of the loads. 

If the resultant of lateral forces acting on the building is not in the same 
vertical plane as the center of resistance or stiffness, there will be torsion of the 
structure. The lateral forces acting on bracing walls due to torsional moment 
can readily be computed by conventional methods, using shear stiffness 
factors S for shear deformed walls, or by considering distributed forces P 
as stiffness factors. The center of resistance, which is also the center of 
torsional rotation, is at the center of gravity of the stiffness factors. 

With regard to the last assumption, the foundation of a building is not 
unyielding but it is easier to assume that it is rigid and distribute lateral 
forces to the walls on that basis, then design the foundations so that yielding 
will not change the load distribution. 


Deflection of bracing walls 

There are two distinct types of deflection of a bracing wall. The first type 
may be called the shear deflection. It produces a horizontal translational 
movement of the floors, which remain plane and horizontal. 

Refer again to the wall shown in Fig. 3. Its deflection A is the deflection 
of any one of the piers, which is the shear force resisted by the pier divided by 
its stiffness factor, plus the shear deflection of the spandrel, therefore 

ms muOxX4x12 —_ 

043° 1xX40x4 Perse seine | ind 
and the force required to produce a unit deflection of the wall may be expressed 
as follows 

110 ; . 

‘ 30.7 5 ee ; er ; (17) 

The second type of deflection of a bracing wall is that resulting from the 
vertical tensile and compressive stresses that are produced by the bending 
or overturning moment. This deflection cannot conveniently be determined 
from the portal theory as a function of the overturning moment. Accordingly 
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it is here computed by the so-called “cantilever” method of analysis as applied 
to bracing frames. It is assumed that the vertical stresses have planar dis- 
tribution, so that bending deflection may be computed from the conventional 
beam theory, employing the weighted average of moments of inertia of hori- 
zontal sections of the wall. This average moment of inertia for a typical 
story is the moment of inertia of a section through the windows multiplied by 
the ratio of window height to story height, plus the moment of inertia of a 
section through the solid wall of the spandrel multiplied by the ratio of the 
width of the spandrel to the story height. 


It may be assumed either that the wall is straight, without any returns 
at the corners, or a short length of wall return at each corner may be consid- 
ered to be effective in resisting bending stresses. If the analogy of a one- 
sided T-beam is employed, in which the flange is the wall return, the effective 
length of the return may be assumed to be six times the wall thickness. 


It is desirable to evaluate the inconsistency involved in the use jointly 
of the portal and cantilever theories, which are based on different assumptions 
as to stress distribution. 


Consider the special case of a frame having equal bays and columns of equal 
sectional area, for which a direct comparison can be made between the bend- 
ing or overturning deflection by the portal theory and the deflection by the 
cantilever theory. Under the portal theory the overturning moment in this 
case is resisted entirely by direct stress in the two end or outer columns. The 
ratio of the equivalent moment of inertia of the frame for this stress condition 
to the moment of inertia that is employed in the cantilever theory is as follows: 
1.0 for two bays, 0.9 for three bays, 0.8 for four bays, 0.71 for five bays and 
0.64 for six bays. From these ratios it is seen that the difference between 
bending or overturning deflection computed by the portal theory and that 
resulting from the cantilever theory is zero for a frame width of two bays and 
increases as the number of bays or frame width is increased. For narrow 
frames, for which the bending or overturning deflection is a major factor 
in the problem of lateral load distribution, the difference is relatively small. 
The same conclusion may be applied to bracing walls, although the above 
ratios may be changed somewhat due to the influence of the widths of piers 
and spandrels. 

Fig. 4 shows the relationship of shear deflection of a bracing wall to total 
deflection, in terms of its height-width ratio, with a concentrated load at the 
top. This curve has been constructed for straight bracing walls having 
spandrels that are rigid in flexure. If wall returns are included, the bending 
deflections will be reduced and if the effect of spandrel bending is included 
the shear deflection is increased. Accordingly a curve representing either or 
both of these conditions would be similar in shape to the curve of Fig. 4 but 


would fall above and to the right of it. Therefore the curve of Fig. 4 represents 


the limiting condition and gives the smallest ratio of shear deflection to total 
deflection for any given height-width ratio. 
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Shear deformed wall 

The term shear deformed wall is here 
applied to a bracing wall whose bend- 
ing deflection is not more than 25 
percent of its total deflection due to 


bag 
i) 


both shear and bending under the ac- 
tion of a concentrated load at its top. 


~ 
wH 


The relative stiffnesses of such walls 
may be computed on the assumption 
that all of the deflection is due to 
shear. The resulting load distribution 


will not involve errors in the calculated 


an 


stresses in the walls larger than about 


15 percent. This percentage is well 
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within the probable error due to other 
causes, such as the uncertain values 


of the elastic constants of concrete. 





From the curve of Fig. 4 it will be 





20 40 60 .80 1.0 


seen that any bracing wall may be 
Ratio Shear Defi. to total Defi, 


considered as shear deformed if its 
Fig. 4—Relationship of shear deflection to . aia 
total deflection in terms of height-width ratio height-width ratio is not greater than 
one half. 

If bending deflection is neglected, distribution of the lateral forces to the 
bracing walls of a building is simplified considerably. Each floor or diaphragm 
always remains plane and horizontal, so that distribution of the lateral force 
to the bracing walls in a given story of the building is not affected in any 
way by the deformation or movements of portions of those walls either above 
or below that story. In other words, the total force acting on the building 
above a given story may be distributed to bracing walls in that story in pro- 
portion to their shear stiffness factors S. The lateral forces are thus dis- 
tributed to the walls as shear forces, story by story. 


General solution 


The deflections of several bracing walls in a building will theoretically be 


exactly equalized if the lateral forces are distributed to them in proportion 


to both their moments of inertia 7 and their shear stiffness factors S. This 
can only be done if the ratio 7/S is the same for each wall, which is a condi- 
tion that will seldom exist. For other cases a theoretically exact solution of 
the problem is not possible practically, since the forces are usually statically 
indeterminate to a high degree, depending on the number of stories and the 
number of bracing walls in the building. 

Curve A of Fig. 5 shows the ratio of deflections of two representative brac- 
ing walls, each of which resists a single force at the top where the deflections 
of the two walls are equalized. From the top floor downward the ratio of 
deflections becomes greater and greater, until at the second floor, wall No. 1 
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Fig. 5—Ratio of deflections of 13 + 
two representative bracing walls 
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deflects more than twice as much as wall No. 2. It may be concluded that if 
lateral loads are distributed by equalizing wall deflections only at the loaded 
floor, there would have to be an important redistribution of loads through 
the lower floor diaphragms to equalize wall deflections in the lower stories. 

It is now proposed to develop a method of load distribution that will equalize 
wall deflections not only at the loaded floor, but also at a floor in the lower 
portion of the building. Essentially this will provide a means for computing 
the above mentioned forces of redistribution. 

A bracing wall may be represented by the cantilever beam of Fig. 6 which 
is acted upon by a downward load P that is positive and a redistributed 
load W, that may act either downward or upward and is accordingly either 
positive or negative. Eq. 18 gives the 
maximum beam deflection, consisting 
of the bending deflection that is de- 
rived from the conventional beam N 


theory in terms of the moment of in- 


aH |. (¢l-a)H 
Hv 


ertia J, and the shear deflection that 
is expressed as a function of the shear _ ; ; 
Fig. 6—Bracing wall represented by cantilever 


stiffness factor S. beam 
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For convenience let the expression in the first parenthesis of Eq. 18 be 
represented by the letter A and let B represent the expression in the second 
parenthesis, then 

PxXA+V XB = D........ (19) 
similarly, the deflection at the force W is, 


ce, a el ae aN. - 
oan? T — ll @,lC«~’*** i 


which may be expressed as follows 
PXB+WxCe=d 
From Eq. 19 


(22) 


and substituting the expression for P from Eq. 22 into Eq. 21, solving for W, 
DB 
A 
Be 
A 


In this method of load distribution, which is applicable to a system com- 


(23) 
C 


prising any number of bracing walls, the forces acting on the walls are de- 
termined by trial in the manner shown in the example of load distribution 
that follows. 


This method of load distribution has been tested for validity in the same 


manner that was employed for the method which equalized deflections only 


at the loaded floor. The criterion is the closeness with which deflections of 
bracing walls are equalized throughout their height. 


From relative deflection curves B and C of Fig. 5, it appears that the best 
value for the constant a is about 1/6, which gives a maximum divergence of 
wall deflections below the loaded floor of 15 to 20 percent. Above the loaded 
floor a bracing wall is unstressed and its deflection line is straight. Therefore 
the ratio of deflections at a floor n stories above the loaded floor is closely 
equal to n times the ratio of deflections at the floor next below the loaded 
floor. For example, with the load applied at the seventh floor, the ratio of 
deflections at the sixth floor from curves C of Fig. 5, is 0.02 and the ratio 
at the top of the building is six times this or 0.12. In general the ratio of 
deflections is less above the loaded floor than below. 


It is believed that divergence or variation of wall deflections of 20 percent 
is within the probable range of error due to other causes that are inherent 
in any method of load distribution. For example, it is not unusual to find 
variations of this magnitude in the strength of concrete of the same designed 
mix and this would presumably be accompanied by about the same variation 
in the modulus of elasticity. 
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Effect of varying I and S 
The preceding discussion and analy- 





sis of load distribution is based on the 





assumption that the moment of inertia 
I and the shear stiffness factor S are 





each constant for a bracing wall. In 


most multistory buildings the window 
o coil & Fig. 7—Typical floor plan of 13-story rein- 


openings are typical from story tostory. forced concrete apartment building 


However the wall thicknesses would 
often be decreased in the upper stories but would normally be the same for 
all of the walls in any one story. Both J and S will then be changed in the 
same ratio and this ratio will be the same for all of the walls. The equaliza- 
tion of bracing wall deflections that is secured by the proposed method of load 
distribution will not be materially affected by such changes in J and S.* 
When the wall thicknesses vary in the manner described, any one of the 
several thicknesses may be used for computing the values of J and S that are 
employed in the load distribution analysis, but the same thickness must be 
used for each wall. 


Example of load distribution 

Fig. 7 represents the typical floor plan of a 13-story reinforced concrete 
apartment building. The transverse lateral forces are resisted by bracing 
walls 1, 2 and 3, which are indicated on the plan by double lines. It is re- 
quired to distribute the lateral seismic load occurring at the seventh floor to 
these walls. 

The story height h is 8.7 ft; the height to the loaded floor H/ is 8.7 & 6 or 
52.2 ft. It has been found that the constant a should equal 1/6 to give the 
best over-all equalization of deflections and the redistributed loads W will 
accordingly be applied at the second floor. The above constants and the 
values of J and S for each wall are now employed to compute the quantities 
in Table 2. 

The redistributed load W is computed for each wall for an assumed value 
of d, by substituting D = 10 and quantities from Table 2 into Eq. 23. In 
Table 3 is shown the computed values of W and = W for each trial value of 
d. The correct value of d is determined by the requirement that the algebraic 


TABLE 2—COMPUTATIONS USED IN EXAMPLE OF LOAD DISTRIBUTION 


wattl tr |S|Al Bic |% |5 








/ \25400|/7 |0.535 0,054 0.008 
2 | 4900)2.7|1.4/5 0,083 0.004 
| 1,200} 7.0 |4.760 0.16! 0.019 









































*See appendix for a proof of this statement 
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TABLE 3—COMPUTED VALUES OF W AND > W 
FOR TRIAL VALUES OF d 


Values of W, D=/0 








d = WwW 


Wall */ 


Wall *2 


Wall *3 





LS 


+530 


+9.30 


+ 6.20 


+20,.80 





/.0 


=~, 50 


+246 


+2.68 


+ 0,64 








0.985 





~4,60 





+2.26 





+2.57 





+0,.03 








sum of loads W must be zero. It will be found that if values of 2 W are plot- 
ted on a diagram against values of d a straight line is obtained. The inter- 
section of this line with the zero axis determines the correct value of d, which 
in this case is 0.985. Therefore only two trial values of d are required. The 
corresponding values of loads P from Eq. 22 are: for wall No. 1, 19.2; for 
wall No. 2, 6.90; and for wall No. 3, 1.94. 

The weight of a typical story of the building is 1600 kips. For a seismic 
coefficient of 0.10 the lateral load at the seventh floor is 160 kips, of which 
half or 80 kips is resisted by the three walls at each end of the building. The 
distributed load P acting on each wall at the loaded floor and the redistributed 


load W acting at the second floor, are computed as follows: 


19.2 
80 x 
oR 


“« 


Wall No. 1: P 


6.9 
SO X 
DS 


“a 


Wall No. 2: P 


1.94 
28 


Wall No. 3: P 80 X 


80.0 


54.8 X 


—4.80 
19.2 
+2.26 
6.9 
+-2.57 


1.94 


0.0 


The redistributed load 
W is also positive or additive for walls 2 and 3, but the load W is negative 
and constitutes a relieving load for wall No. 1. 


The distributed loads P are intrinsically positive. 


A complete load distribution for this building would involve the same 
procedure repeated for the roof and for each floor successively. In each case 
the constant a should be larger than, but as close as possible to 1/6, bearing 
In the case of this 
13-story building the redistributed loads will occur at either the second, third 
or fourth floor. The total load on the bracing wall, for design purposes, is the 
sum of the distributed and redistributed loads. 


in mind that the redistributed load must occur at a floor. 


Foundation yielding 
Although the yielding of foundations is not ordinarily taken into account 
in distributing lateral forces to beam and column frames, it is necessary to 


give this factor consideration in the case of bracing walls because they are 


relatively stiff. For example, suppose the wall in Fig. 3 is 10 in. thick and 
that it forms the end wall of a building eight stories high and 100 ft long. 
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Then if a lateral seismic force of 8 percent gravity acts upon the building, 
the top of the end wall will deflect about 0.15 in. A maximum foundation 
yielding of only about 0.15 20/80 = 0.037 in. would produce the same top 
deflection. 

If the load deformation characteristics of the foundation soil under the 
action of impulsive wind or earthquake forces are definite and could be accu- 
rately determined, an expression for the effect of the yielding of the bracing 
wall foundation could be included in Eq. 18 and 20. However this quantitative 
approach to the problem of foundation yielding does not appear to be at all 
feasible and it can be avoided by the following procedure. 

The lateral loads are distributed to the several bracing walls in a building 
by the method described, which is predicated on a rigid foundation. Foun- 
dations under the bracing walls are then designed so that each will rotate 
through the same angle under the action of the overturning moment produced 
by the distributed forces. The yielding of the ground will then have no 
effect on the equalization of the wall deflections, providing there is no trans- 
lational movement of the building with respect to the ground, or if the trans- 
Jational movement is the same in all parts of the building. 

Design of the foundations for equal rotations can be approximated by 
making the moment of inertia of each foundation proportional to its over- 
turning moment. This method of design is based on three assumptions: (1) 
that the deformation of the soil is directly proportional to the unit load; (2) 
that the ratio of unit load to deformation, which is the dynamic modulus of 
the soil, does not vary with the size or shape of the footing; and (3) that the 
character of the soil is uniform over the building site. The justification for the 
first two assumptions is that they have been used with considerable success 
as the basis for prediction of vibration characteristics of machine foundations. 
At present there is no practicable way for determining the dynamic soil 
constants by field or laboratory tests. 

Design of foundations on this basis may involve major redistribution of 
footing areas where shear deformation of the wall predominates and small 
redistribution of areas where the deflection of the wall is mainly due to bend- 


ing. Obviously a continuous footing, such as would be used under a bearing 
wall, is best adapted to this method of design. The mutual interaction of the 
footings and the exact extent of each wall footing cannot be computed and 
must be largely determined by engineering judgment. 


APPENDIX 


EFFECT OF VARYING I AND S UPON EQUALIZATION OF THE DEFLECTIONS OF 
BRACING WALLS 


Consider the two walls represented diagrammatically in Fig. 8, each of which has a constant 
I and S, and suppose that under the action of distributed load P and redistributed load W, 
the deflections are equalized at all points along the length or height H. 

The deflection at C due to deformation of the wall between any two points A and B, is 
composed of two items: (1) bending deflection plus shear deflection between A and B; and (2) 
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change in slope of the elastic curve between 
A and B due to bending of the wall, multi- 
plied by the distance BC. 

Since the deflections are equalized at all 
points, item 1 is the same for each wall. Also 
the two deflection curves are identical. There- 
fore the change in slope of the deflection 
curve due to bending between A and B must 
be the same for each wall, since the shear is 





LLL LhLh hhh 


Fig. 8—Diagrammatic representation of walls oo ctant and does not produce any change in 


slope. But BC is the same for each wall, 
therefore item 2 is the same for each wall. In other words, the deflection at C due to deforma- 
tion of the wall between any two points A and B is the same for each wall. 

Now suppose that J and S for the portion of the wall between A and B are increased or de- 
creased in the same ratio for each of the two walls. The deflection at C due to deformation 
of the wall between A and B will be decreased or increased in the same ratio and therefore 
by the same amount for each wall. Since the deflection at C was originally the same for each 
wall, it will therefore still be the same after the change in J and S. 

Actually the proposed method of load distribution does not exactly equalize the wall de- 

flections at all levels or floors. This equaliza- 

13 . tion is quite close, however, and changes in / 

and S in the manner described above will have 

12 i a correspondingly small effect on the equaliza- 
tion of deflections. 

For example, consider again bracing walls 





1 and 2 of Fig. 5 whose deflections have been 
equalized at the loaded floor and at a lower 
floor, on the basis of a constant moment of 





inertia and shear stiffness factor for each 

Set EE wall. Now suppose that the thickness of each 
Wall *2 Wall # wall is increased 20 percent in the lower third 
of its height and is reduced 20 percent in the 

top third. If the original wall thickness was 


Number 





10 in., the lower portion will now be 12 in. 





and the top portion 8 in. The corresponding 
relative deflection curves, with the loads un- 


Floor 


changed, are shown in Fig. 9. If these curves 
are compared with those of Fig. 5, it will be 
seen that the change in wall thickness has not 





~a.= Ye, H= 52! 


a Ye, H-104' increased the maximum divergence or varia- 
tion of the wall deflections. In fact, for H 
equals 52 ft, the maximum divergence has 
actually been reduced from 21 to 15 percent. 

It is of interest to note, from Fig. 9, that 








the deflections are still exactly equalized 
1.0 12 14 at the lower floor at the height 7/6. This 

Ratio of Defis will always be the case if the increased wall 
thickness in the lower stories extends to the 


/ 





Fig. 9—Relative deflection showing the effect , ; 
of varying I and S of bracing walls No.1 and = ‘““™e or & greater height than aH or approxi- 
No. 2 of Fig. 5 mately H/6. 





Current 


Reviews 


of Significant Contributions in Foreign and Domestic Publications 


Effects of plastic flow of concrete in long 
straight beams (in French) 
G. Leraupeux, Le Genie Civil, V. 129, No. 7, Apr. 1, 
1952, p. 132 

Reviewed by M. W. Jackson 
The deflection of 


tinues to 


long-span beams con- 
alter 
least 


quired before the position is stabilized and 


increase being placed in 


service. Usually at two years are re- 


not subject to seasonal variation. Diverse 


hypotheses are given to explain this; none 


has been definitely verified. 


Prestressed concrete pipes used for water 


supply lines (in Dutch) 
G. Wisnsrra, Ingenieur, V. 63, July, Aug. 1951 
Appuiep Mecuanics Reviews 
Apr. 1952 (Gumpertz 


Article deals with Muropean and American 


methods of making and = designing — pre- 


stressed concrete pipe, listing most of the 


current prestressing methods. Some types 


of joints ol Muropean design ure also given. 


Torsion strength of concrete (in German) 
K. ScHapen, Osterreichisches Ingenieur-Archiv, \ 
1, 1951, pp. 12-20 
Apptiep Mecuantes K 
May 1952 (Plant 


valuation of previous test results shows 


that torsional strength of (unre inforced) con- 


crete, computed trom failing moment by 


means of elastic theory, is approximately 


equal to tensile strength Suggestion is 


made to determine tensile strength from 


torsion tests 


Discontinuity in prestressed concrete pipes 


G. A. P. OovKaas, Magazine of Concrete Research, V. 3 
No. 9, Mar. 1952, pp. 131-138 


AvTHOR's SUMMARY 


An analysis of the stresses which may act 


at the extremities of prestressed concrete 


pipes, where the prestressed pipe wall changes 
into the non-prestressed ends 


Ultimate load of indeterminate structures with- 

out tensional strength (Die Tragfaehigkeit 

statisch unbestimmter Tragwerke aus Baustoffen 

ohne Zugfestigkeit) 

H. Craemer, Ocvsterreichische Bauzeitsch j enna 

V.7, No. 4and No, 5, 1952, pp. 53-59 and pp. 75-S1 
Reviewed by R 


poLen Fiscut 


\ new theory for arches of plain concrete 


or brick masonry is developed, based on the 


plastic theory The static, dynamic ind 


hypercritical conditions under which — the 


structure will fail are discussed and = then 


relations shown The author, trving to de 


velop new fundaméntals of a theory of 


arches, gives a brief preview of the work that 


will have to be done in addition to thi pMAper 


Trends in linear American prestressed concrete 
construction 


CrHarices CC. Zoutma econ 
No Jan.-June 1952, pp. 14-19 


Various American prestressing techniques 


are described briefly, including factory-made 
prestressing units, and the use of 
block st indard 


assembled into prestress¢ 1 beams 


eoncrete 


formed on machines being 


*A part of copyrighted JouRNAL OF THE AMERICAN Concrete Instirute, V. 24, No. 3, Nov. 1952, Proceeding 


V. 49 Address 18263 W. MeNichols Rd., Detroit 19, 


the book or article reviewed is in English 
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If it is followed by a foreign title the work reviewed is in that language 
In those cases where the foreign title cannot conveniently be set in type or is not available, the 
original article is indicated in parentheses following the English title 
In most cases they can be obtained direct from the original publishers 


Where the English title only is given in a review 
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Copies of articles or books reviewed are net 
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Electrical strain gage measurements in struc- 
tures (Elektrische Spannungsmessungen an 
Bauwerken) 
ANTON T epEeskO, Ocsterreichische Bauzeitschrift( Vienna), 
7, No. 7, July 1952, pp. 113-116 
Reviewed by Rupo.eu Fiscui 


\ condensed paper summarizing the re- 
1943 and 


1950, using SR-4 strain gages in the analysis 


sults of tests conducted between 


of long-span concrete structures. Present 


U. S. technique is reviewed as well as the 


difficulties which had to be overcome. Five 


types of installations are recommended for 


use in full seale concrete structures, the most 
promising being the prefabricated SR-4 gage 
assembly on short pencil rods, placed so that 
the 
substantially affected by the additional rods. 


the stress condition in structure is not 


Vinyl strip seals concrete 
Modern Plastics, V. 29, No. 6, June 1952, p. 79 
Reviewed by M. W. Jackson 


In large structures, the division into blocks 
lor pours introduces a leakage problem due 
to shrinkage of concrete. An extruded vinyl] 
waterstop has been developed which is easy 
to install and reported to be much simpler 
than copper or similar waterstops. It was 
the hydro- 
project in El Salvador, Central 
America; 27,000 lineal ft weighing 54,000 Ib 
were installed there 


used successfully on CGuayabo 


electric 


Plane bending stability of prestressed struc- 
tural members (in Polish) 


S. KAUPMAN 270-272 


Drogownictwo, 1951, pp 
Apeptiep Mecuanics Reviews 

May 1052 (Olszak 

Lateral buckling of large-span prestressed 
beams is discussed when beam is loaded by 
moments and com- 
force. It is shown 
this 


not to be expected. 


longitudinal 
that 
instability is 


bending 
pressive for usual 


CuSeS kind of 


practical 
Predominant influence of 
torsional energy is found as well as prime 
importance of position of prestressing cables 


in relation to the beam axis. 


Current applications of prestressed concrete in 
North America 


Ek. H. Tauwarrs, Rocky 
No. 6, June 1952, p. 28 


Mountain Contractor, V. 33 


Reviewed by M. W 


JACKSON 


Brief review of theory of prestressed de- 
sign. Details of use in tank construction and 
pipe manufacture. Various bridge projects 


briefly described. 
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Concrete chimney stack 
J. S. Lompaut, Constructional Revieu 
24, No. 12, Apr. 1952, pp. 19-21 


Australia), V. 


Brief discussion of general principles in- 
volved in concrete chimney design and short 
description of 370 ft high chimney built in 
Melbourne. 


Viaduct at Malden, Holland, in prestressed 

concrete (Viaduc a Malden, Hollande, en 

beton precontraint) 

G. Baar and F. Riessauw, Preco 

V. 2, No. 1, Jan.-June 1952, pp. 8-12 
(AUTHORS 


ntrainte Brussels), 


SUMMARY 


After having shown the reason for which 
prestressed concrete was used, the authors 
explain the principles of the designs together 
with the result of the computations of stresses 
in different cross sections. 

They further give details of construction: 
use of rubber cores, prestressing, vibrating 
of concrete, together with the values obtained 
for its crushing strength. 


Prestressed concrete with wires anchored by 
bond (Strengbeton) 
JANNIK I psen, Beton-Teknil 
uly 1952, pp. 49-14 
Reviewed by Ervinp Hoagnesrat 


Copenhagen), V. 18, No 


The development in Denmark of field use 


ol precast prestressed concrete with wires 


anchored by bond is reviewed with reference 
to the last five vears. \ number of applica- 
The 
most extensive use has been floor joists and 
After a 


discussion of combined prestressed tile and 


tions are described and _ illustrated 


root girders as well as roof rafters 


concrete, window details, steps, poles, fences, 
and bridge girders, the article concludes with 
a description ol an army depot building made 
primarily from precast prestressed units 


Two highway bridges with high-grade steel 
reinforcement 

A. Hotmperc, Publications V. 11, International Ass: 
for Bridge and Structural Engineering, 1951, pp. 247 


AppLigep Mecuanics Reviews 


Sept. 1952 

A description is given of two reinforced 
with high-grade 
100,000 psi). 
The use of Forssell’s anchoring rings for the 


concrete bridges provided 
steel reinforcement (yp 
anchorage of the reinforcing bars has per- 
mitted high allowable stresses, which have 
resulted in small dimensions and economical 


structures 
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Tests on beams of reinforced and prestressed 
concrete at low temperatures (Essais a basses 
temperatures sur des poutres en beton arme et 
en beton precontraint) 


G. Huyoue, Precontrainte 
June 1952, pp. 31-40 


Brussels), V. 2, No. 1, Jan.- 


Tests are reported on both ordinary rein- 
forced and prestressed concrete beams that 
10 C In the 
the tests, it was found that the crushing re- 


were cooled to course of 


sistance of concrete increased considerably 


and the tensile resistance even more when 


the temperature of the test 
20 to 10) deg i 


pieces passed 


from +4 


Some observations on the rebuilding of Imatra 
bridge (in Finnish) 


I. Hevanro, Rakennusinsinoori 
Helsinki), V. 8, No. 4 


Byggmadsingentoren 
1952, pp. 56-59 

AuTHOR'’s SUMMARY 

The old road bridge over Imatra rapids 

was built in 1892 with a roadway of only 4.5 

m and for light The 

of 7.0 m and two sidewalks 


loading. new bridge 
has a roadway 
of 1.5 m and is built as a reinforced concrete 
The seaffold of the arch 


was tied to the old bridge, the demolition 


bow-string girder. 


of which took place after the hardening of 
the arch concrete. 


Yield of concrete or mortar from mixes of 
different proportions 
Indian Concrete Journal, Oct. 1951, pp. 203-205 
CONSTRUCTIONAL REVIEW 
Apr. 1952 
A method of calculation of correct, quanti- 
ties required to produce a certain quantity 
mortar or concrete 


of compact which is 


essential for estimating costs of a concrete 
job is worked out. A table gives a& very near 


approximation to the calculated quantities. 


What do we know about diagonal tension and 
web reinforcement in concrete? 
Ervinp Hoanestap, Circular No. 64, Ut&Sversity of 
Illinois Engineering Experiment Station, 1952, 47 pp 
A review of the historical development of 
the basic concepts involved in specifications 
pertaining to reinforced concrete subject to 
resistance to shear 


shear. Early studies of 


are reviewed. The development of German 


specifications and design pertaining to 


diagonal tension and web reinforcement is 
compared with American development in 
considerable detail, since these compose the 


two major groups of specifications. 


Small prestressed bridges 


kK. W. H. Grerorp, Constructional Rerieu 
V. 24, No. 12, Apr. 1952, pp. 22-23 


Australia), 


Brief description of design and cost factors 
for precast, post-tensioned beams for small 
span bridges with spans less than 40 ft. 


Strength of cylindrical barrel arches to uni- 

formly distributed vertical loads (in French) 

Jean Larras, Travaux, No. 208, Feb. 1952, pp. 41-45 
Reviewed by M. W. Jackson 


\ mathematical solution for concrete 
circular barrel-type arch roofs of constant 
This both 
arches which were full semi-circles and seg- 
Test 
such a 


thickness is derived covered 


ments of circles results are briefly 


presented for reinforced concrete 
length of 84 ft, 


Deflections and strain 


arch with a span of 42 ft, 
and thickness of 3 in 
measurements in the steel and concrete were 
compared with the computed values from 
the theory with close agreement. 


Laboratory test on two-way slab in prestressed 
concrete 


Grover L. Rogers, Precontrainte 
1, Jan.-June 1952, pp. 3-4 


Brussels), V. 2, No 


full- 
size prestressed slab, 320 x 320 x 7 ecm and 


Presents results from the test of a 
prestressed in the two directions parallel to 
the edges \ 


analysis was made for the slab up to cracking 


comprehensive theoretical 


and compared with experimental results. 


The conclusion made from the test is that for 


such slabs just as well as for beams the 


elastic theory is capable of determining with 
great accuracy the cracking load of the slab. 


The factor of safety as applied to reinforced 
concrete design 
P. J. Canroin, Journal of Institution of Civil Engineers 
London), No. 9, Nov. 1951, pp. 491-501 
ArprpLizp Mecuanics Revirws 
June 1952 (Ferguson 
increased factor of 


The safety (for live 


load) that automatically results from larger 
ratios of dead load to live load used with a 


fixed design stress is discussed. The author 


proposes to reduce this variation by using 


only a portion of the dead load (68 percent 


suggested) in calculating member sizes. This 
is equivalent to using dead-load stresses of 
The 


result are 


about 150 percent of those for live load. 


increased deflections that would 


discussed. 
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Construction of joints in the concrete pavement 
at the Dole-Tavaux airport (in French) 

N. SivoLtonoyv, Travaur, No. 210, Apr. 1952, pp. 156- 
161 


Reviewed by M. W. Jackson 


Construction of joints in the pavement of 
the airport is described in great detail. No 
steel 
joints 14 in. 


was used in the joints. Expansion 
in width were placed longi- 
tudinally and transversely, dividing the 10 
in. thick 45 x 75-ft blocks. 


These blocks in turn were divided into 15- 


pavement into 
ft squares by dummy joints 3 in. deep. Ex- 
pansion joints in alternate 45-ft lanes were 
staggered one-half the distance to the next 
expansion joint. 


The Hardy Cross method and its simplifications 
(La methode de Hardy Cross et ses simplifica- 
tions) 
S. Zayrserr, Dunod, Paris, 1952, 8S pp., about $1.70 
ArppLigep Mecuanics Reviews 
Sept. 1952 (LeMessurier 


TY 
Phis 


tribution 


work is a primer of moment dis- 
as applied to prismatic sections. 
In addition to the classical procedure of 
distributing unbalanced fixed-end moments, 
the author considers the alternate methcd of 
distributing deformations and also the well- 
known shear distribution in 
Although none of the 
material is new, the excellent examples make 


this a useful text. 


technique of 


frames with sidesway. 


Gunite repairs Manly pool pavilion 
Constructional Review (Australia), V. 24, No. 11, Mar. 
1952, pp. 18-23 

Deterioration of the piers and floor of this 
harbor structure at Manly Cove necessitated 
repair work. It was repaired by removing all 
areas of concrete which had been made un- 
sound by corrosion of reinforcing steel, tving 
in new steel where necessary, and building 
up the areas with pneumatically-placed con- 
crete. The bottom of the structure was then 
coated with bituminous paint. 


Experimental blast furnace 
porating high-magnesia slag 
N. Srurrernfim and R. W. Nurse, 
crete Research, V. 3, No. 0, Mar 


cement incor- 
Vagazine of Con- 
1952, pp. 101-106 
uTHORS’ SUMMARY 
Experimental granulations have been 
carried out on slags from blast furnaces em- 


ploying a dolomitic burden. The resulting 
VFO, 


were made up 4s portland blast furnace ce- 


slags, containing 15 to 18 percent 
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Ce- 
ments of good quality were obtained, although 
the substitution of WgO for CaO in the slag 
results in a fall in strength. 


ments and standard tests were made. 


In spite of the 
high MgO contents, no periclase was formed 
in the slags, and the cements showed ho long- 
term unsoundness. 


Prestressed concrete in Yugoslavia (Le beton 
precontraint en Yougoslavie) 

Branko Zeze.s, Precontrainte (Brussels 
Jan.-June 1952, pp. 21-29 


V. 2, No. 1 


construction 
Sisak and a 


author de- 


Details are presented on the 
of three industrial buildings at 
factory at Svetozarevo. The 
scribes the method of applying prestress used 
in Yugoslavia, by pulling two, four or six 
He dis- 
cusses the advantages of these systems along 
with their costs. 


wires at a time and the anchorages 


Unwarranted and burdensome contradictions 
of reinforced concrete in building (in French) 
A. Covarp, Le Genie Ciril, V. 129, No. 5, Mar. 1, 1952 


pp. 80-02 
teviewed by M. W 


JACKSON 


The question considered is in what measure 


the results of precise theory and design 


methods are in accord with the realities of 


construction. Principal criticisms are with 
the neglect of tension in the concrete and 
improper choice of degree of restraint due to 
continuity. Examples are cited. The con- 
clusion is that a theoretical security obtained 
by use of hypotheses too pessimistic and 
mnexact should not be allowed to place an 


excessively high and unjustifiable cost on 


work. 


New method of design of prestressed concrete 
(Nuevo metodo de calculo del hormigon 
pretensado) 

PorrosA and 


i pUARDO 
la Construccion y del Cemen 


/ 
244 pp “ 


ALFREDO Paz, Instituto de 
nto 


Madrid Apr. 195] 


Reviewed by Francisco J. Corpova 


This Is the most concise work on prestressed 
The 


methods of 


concrete produced in Spain. authors 


describe the various design of 
prestressed structures and at the same time 
expose their new method, which is based on 
that 


member subjected to flexure is in accordance 


the criterion the stress diagram of a 
toa parabolic curve of fractional degree 
The volume is divided into two parts. The 


first treats the theory of design of prestressed 
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concrete structural members such as beams of 
The 
mechanical properties of the materials and the 
the fully 
The second part is devoted to the 
of 
and includes descriptions 


rectangular crosssection and T-beams. 


stress losses in reinforcement are 
described. 
American and European practice pre- 
stressed concrete, 
of the pretension and postension methods of 
prestressing concrete. 

Various European structures in’ which 


prestressed concrete has been applied are 
described, principally bridges over the Marne 
River, Djedeida Bridge, Tempul and Alloz 
Aqueducts, Beni-Bahdel Dam, Grand Cheur- 
fas Dam, LeHavre Docks, ete. 

The 


strain 


illustrated with 


tables, 


text is well 


stress- 


diagrams, photographs and 


numerical examples 


Heats of hydration and pozzolan content of 
portland-pozzolan cements 


Epwin 8. NeEwMAN 


Research, V. 49 


ind LANsING 8S. WELLS, Journal of 


No. 2, Aug. 1952 


AUTHORS’ SUMMARY 


Methods are described for the measurement 
of the approximate heat of solution in acid of 
come nt-pozzolan Ix- 
the the 
heat of hydration ot portland-pozzolan ce 
the 


portland mixtures 


amples are given ol estimation of 


ments. Determinations of amount of 


material undissolved in the calorimeter, as 
well as the heats of solution, were applied to 
the problem ot determining the composition 
of mixtures of portland cement and pozzolan. 
Data are presented for the calculation of the 
heat of the 


meter 


capacity vacuum-flask calori- 


with amounts of hydrofluoric acid 


other than the 8-ml quantity used in measur- 
ing the heat of hvdration of portland cement 


by the standard method. 


New Foehrer prestressed concrete bridge in 
Berlin (Die neve Foehrerbrueck2 zu Berlin aus 
Spannbeton) 

H. W. Hensen, Betor 
No. 6, June 1951, pp 
01 


Stahlbetonbau (Berlir V. 46, 
121-124 and No. 9, Sept. 1951, 
pp. 197 

Reviewed by Rupoven Frscut 


This 


idea in design 


bridge utilizes a new and original 


It. is a prestressed two-hinged 
11.9 


at each end. 


frame bridge with a center span of 
10.55 m 


The frame knee is replaced by a 


m 
and two cantilevers of 
vertical 
column and a tension member with in- 


The 


high and slender’ column acts like a pinned 


an 


clination of about 35° to the vertical 
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column and is able to take small movements 
without introducing considerable moments at 
the point of restraint 

The bridge, total width is 26.9 m, has fou 
the 
The bridge is divided in two 


main girders, laterally connected by 
deck slab only 
parts by 


the deck 


tudinally and laterally and carries two street 


a longitudinal joint at the center of 
The deck slab is prestressed longi- 


cur tracks in addition to highway traffie 
The paper discusses details of the structural 


design, construction problems, 


supply lines, 


and measurements of soil pressure 


Thickness of reinforced concrete floor slabs 
(Riktig tykkelse av jernbetongdekker) 

Teknisk Ukeblad (Oslo), V. 99 
Pp. 625-629 


Reviewed by 


R. Scnsop1 
Aug. 1952 


No, 21 
hivinp HogNnestrap 


Based on 
age and eres p, the author argues that present 


a discussion of stiffness, shrink- 
thickness limitations for slabs in Norwegian 
practice are too conservative. In discussing 
economy if is pointe 1 out that the slab should 
not be considered alone; the effects of the slab 
weight on the remainder of a structure should 
be included It that slab de- 
be that such 


deflections do not dey nd only on thr kness 


Is concluded 


flections may estimated, and 


to span ratio. Hence a specification giving a 


munimum slab thickness as A function of the 


span is not desirable, performance standards 


are more realistic and lead to better economy 


Preservation research on harbor structures—ill 
R.A monwealth Engineer (Australia 


JOHNSON, Com 
V. 39 1, 1952, pp. 331 


No. 8, Mar 


The author cdliscusses corrosion of steel in 


sea water and protection of reinforce 1 con 


crete against this type ol attack 

In the author’s opinion no concrete mix- 
ture or depth of cover within economic limits 
exists which can exclude d tmpness trom the 
surface of the reinforcement in harbor struc 
tures He believes that preservation of rein 
forcement lies with the development of the 
use of stainless elements in metals, with 
paint or plastic cover, or with the develop- 
ot electro-chemical device for 


ment some 


stabilizing potentials. This latter possibility 
Is explained to some extent, future research 
forecast and practical applications described 
in extracts 
D. D 
New 


from a departmental report. by 
Moore, Maritime Board of 
W ales 


Services 


South 
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Technical and economic requirements of air- 
entraining concrete (Conditions techniques et 
economiques di'utiliation des betons a air 
occlus) 


J. B. Barorn, 
Batiment et des 


Annales de I'Institute 
Travaux Public 
Reviewed by 


Technique du 
Paris,) June 1952 

Poiturp L. MEeLvILLe 
Principles and uses of air-entrainment in 
first 
hesion, reduction of internal friction for fresh 


concrete are reviewed: increase of co- 


concrete and reduced hygroscopicity, and 


permeability as well as increased resistance 


to freezing and thawing. The use of air- 
entrainment is governed by the search for 
economy and the potential conflict between 
strength and durability. Optimum air is 
about 4 percent and mixes should be designed 
accordingly by reducing the amounts of sand 
and mixing water. Air-entraining agents are 
and the 


air-entraining 


recommended U. S. practice of 


marketing cements Is 


COn- 


sidered de‘initely unsound. In conclusion 


the author says “air-entrainment is neve! 


an irreplaceable panacea, but very often 


an economic solution.” 


Workability of concrete and its measurement 

Bulletin de la Reunion des Laboratori 
t de Recherche ar de Vateriaur et les Cor 
No. 5, Apr. 1952, pp. 47-103 


C. pe La Pena 


d' Essa 


truction Paris 


A review of the various techniques used 
to measure “workability” and the principles 
involved, as well as the various definitions of 
the term. It is divided into two major sec- 


tions: concrete rheology and tests of fresh 


concrete. The first is a general recapitula- 
tion on the principles of viscosity and fluidity, 


dilatancy, plasticity, mesomorphism, con- 
sistency, shear tests and compressive tests 
The second section describes the practical 
tests used to evaluate qualities of fresh con- 
crete: slump tests, flow tests, confined com- 
pression tests, remolding tests, penetration 
density mixing tests, and segre- 


tests, tests, 


gation tests. 


Recent developments in highway bridge design 
in Hampshire 


Epwin W. H. Girrorp, Proceedings, Institution of 
Civil Engineers (London), Part II, V. 1, 
1952, pp. 461-497 (including discussion 


Reviewed by Aron L. Mirsky 


Author 
bridges with those of “traditional”? construc- 


compares prestressed 


tion, citing the following advantages of pre- 


stressing: (1) relative light weight, lending 


itself to prefabrication with resulting re- 
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duction in delays to traffic; (2) enhanced 
protection of steel in members; (3) saving in 
materials. 

Paper includes descriptions of four pre- 
stressed highway bridges of 34-ft span and a 
large number of prestressed footbridges with 
spans of 15 to 70 ft. 
test to destruction of a 34-ft span highway 


An appendix reports on 


bridge beam. 
One 
light and slender bridges is that they vibrate 


disadvantage of the comparatively 


easily. A large portion of the discussion is 
devoted to this topic. 


Design of continuous beams (Die Berechnung 
des Durchlauftraegers) 
J. Korruorr, Beton-u. Stahlbetonbau (Berlin), V. 46, No 
6, June 1951, pp. 124-127 
Reviewed by Rupo ven Fiscut 

Taking the moments over the supports as 
the unknowns, the structure is made determi- 
nate by introducing joints over the supports. 
By making the first two spans continuous, 
the moment over the support has to be cor- 
rected due to the final elastic restraint at the 
right end. Thus proceeding from one joint 
to the other, the moment over the last support 
will have no correction. Then, going back- 
ward from the right end to the left, the cor- 
rection members may be computed and the 
final moments over the supports determined 

The author 
for the correction 


worked out general formulas 


members, using the con- 
The method 


is general and may be used by different spans, 


stants of the fixed point method 


variable moments of inertia, for any kind of 
loading and end conditions and differs not 
more than 0.5 percent from any exact method. 


Dynamic study of machine foundations (in 
Spanish) 


F. E. Borrcner, Ciencia y Tecnica, Rerista del Centro 

Estudianteo de Ingenieria, V. 117, No. 592, Oct. 1951 
pp. 160-186 

AppLiep Mecuanics Reviews 

Apr. 1952 (Murphy 

The two types of loading considered are 

(1) impact and (2) periodic, in which reso- 

nance of the foundation may lead to failure 

For the first 

load is computed as the product of the weight, 


type, an equivalent static 


a coefficient of fatigue, and a dynamic co- 
efficient. The latter is taken as the velocity 
of the divided by the 
square root of the product of the acceleration 


weight at impact 


of gravity and the static ‘deflection of the 
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foundation. The coefficient of fatigue is 


apparently an arbitrary coefficient, to which 


values of 2 and 3 are assigned in the examples 


presented. 

For the second type of loading, the con- 
ventional analysis for transmitted force is 
presented. Numerical examples are given, 


and brief discussion of design 


included. 


practice is 


Placing reinforcement (Oekonomisk og tek- 
nisk riktig armering) 
A. Torre, Teknisk Ukeblad 


1952 pp. 663-668 


Oslo), V. 99, No. 33, Sept. 
Reviewed by E1vinp HoGNnestrap 

Various methods used in Norway to place 
concrete reinforcement and secure its position 
during casting are discussed. It is pointed 
out that a number of procedures in common 
use violate the 1939 Standard Specifications. 
It is proposed that the allowable. tensile 
20,000 
26,000 psi, respectively, for structural and 


steel stresses be increased to and 


hard grade reinforcement. This proposal is 
that 


the reinforcement, in accord with 


made with the definite condition rigid 
support ) 
specifications, be provided Norwegian and 
American chairs and other means of provid- 
and the 


economic gains resulting from less first cost 


ing such support are discussed, 


and maintenance of reinforced concrete 


structures are outlined. 


Investigation of Hungarian cements with re- 
gard to shrinkage, effect of steam treatment, 
and surface contact between the concrete and 
the imbedded steel wires (in Hungarian) 
V. Munatticu, Acta Tech., V. 2, No. 2-4, 1952, pp. 461 
Sf) 

CrRAMIK 

Oet. 1952 


ABSTRACTS 
Hartenheim 


The results of shrinkage tests with eight 


Hungarian cements are summarized 4s 


follows: trass cement showed the greatest 


shrinkage; that of portland cement was only 
0.21 mm perm. Trass cement should not be 


used where freedom from cracking is im- 


had a 


result: one to two days after the beginning 


portant Steam treatment favorable 
of steaming, the original strength was much 
higher than in unsteamed material; a reduc- 
tion in strength, however, was occasionally 
Wires in 
the form of waves, 3 to 5 mm high and 6 to 7 


observed after 28 days or longer. 


em long, increased the strength of the con- 
that of 
wires. 


crete considerably compared with 


concrete reinforced with straight 
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Reaction of aggregate with low-alkali cement 

DonaLp ©. Woour, Public Roads, V. 27, No. 3, Aug 
1952, pp. 50-56 

AuTHOR's SUMMARY 

From test data reported in this article, 

it appears that excessive expansion of con- 


alkali 


relation of the 


crete is governed, not by the cement 


content alone, but by the 
alkali content of the cement to the amount 
of reactive material in the aggregate. Low- 
alkali cement used with aggregate containing 
a small amount of reactive material may 
result in objectionable expansion, while the 
aggregate 


large amount of reactive material 


same cement with containing a 
relatively 
may have little if any reaction 

It is evident that, if excessive expansion of 
concrete is to be avoided, the alkali content 
and the amount of 


of the cement reactive 


material in the aggregate must both be in- 
vestigated, and their reactive effect explored 
Tests should be made using the cement, the 
aggregates, and the admixture, if any, which 
are considered for use in proposed construc 
tion. Only by the preparation and testing of 


concrete as it will be used can information 


on the stability of the material be obtained 


Tests to determine the distribution of stress on 

the surface of steel in reinforced concrete (in 

German) 

A. SCHWERTNEI Acta Techn. Hur 

No, 2/4, 1952, pp. 303-344 
Apptiep Mecuanics Reviews 


Sept. 1952 (Blakey 


Sudapest), \ 


Paper discusses distribution of bond stress 
Tests 


made on one column 4 m long, one column | m 


on reinforcement mn concrete were 
long, and numerous pull-out specimens with 


Theory 


ASSUMES that bond stress 1s proportional Lo 


varving lengths of embedment 
the difference in deformation when both steel 


loaded 
when steel alone is loaded. 


and concrete are and deformation 


No justification 
for this assumption is given. Tests are all 
short-time and no account is taken of gradual 
transfer of load on concrete to steel Strain 


measurements on. first specimen were too 


scattered to allow conclusions to be drawn 
Measurements on the short column were more 
uniform, but the 


position of remforcement 


right at the edge of the column makes the 


usefulness of conclusions drawn in this case 
open to doubt 
Finally, the bond 


distribution in bonded prestressed members. 


theory is applied to 
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Security against failure in cross sections of 
reinforced and prestressed concrete (in Dutch) 


W.C. Coepun, Ingenieur, V. 63, No. 49, Dec 
S1-01 


1951, pp 


{EVIEWS 
Craemetr 


AppLiep MECHANICS 

Aug. 1952 

For rectangular T- and I-shaped reinforced 
designed after the 
method, the 
bearing capacity under bending is computed 
after the 
account the stress-strain 
both The 
illustrated that the degree of safety against 


concrete cross sections 


conventional modular ratio 


theory of plasticity, taking into 
true relations of 


materials, well-known fact is 


failure depends on the percentage ot reinforce- 


ment and the material. Similar investiga- 


tions are made for prestressed sections, and 
that 


has a greater influence in prestressed than in 


it is found a higher concrete strength 


reinforced concrete. 


Attempts to reduce the detrimental effects of 
organic impurities in concrete (Forsok pa a re- 
dusere humussyrens skadelige innvirkning i 
betong) 


INGE Lyse, Cement och Betong 
Oct. 1951, pp. 163-166 
Reviewed by E1ivinp HoGgnestap 


Malmé), V. 26, No 


Organic impurities in concrete have gen- 
erally been considered extremely detrimental, 
and a number of concrete structures have 
failed due to the presence ol such impurities 
in the aggregate. The author describes tests 
in which it has been attempted to neutralize 
organic impurities by addition of various 


The 


indicating that caleium chloride in particular 


chlorides. results are interpreted “as 


is very suitable. Its use is recommended in 


amounts up to 2 percent of the cement weight 
in connection with the construction of struc- 


tures not requiring high strength concrete. 


Selection of an ideal section for gravity dams 
G. 8S. SarKxarra, Civil Engineering and Public Work 
Review (London), V. 46, No. 546, Dee. 1951 


Reviewed by Cuartes W, Doun 


This develops graphical methods for ob- 


taining preliminary cross sections of con- 


crete gravity dams when making initial 


investigations and is a continuation of an 


article on “Selection of a Preliminary Tri- 


angular Section for Gravity Dams,’’ which 


appeared in Civil Engineering and Public 


W orks 
gravity 


Review, Feb. 1951. For 
dams higher than 200 ft the 
liminary triangular section is usually modified 


concrete 


pre- 


with a broken upstream slope. By providing 
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a flatter upstream slope in the lower half of 


the dam greater stability against over- 


turning and sliding can be obtained, since 


the weight of the water on the upstream 


increases the vertical forces and mo- 


that 
and graphs are given which include the dis- 


face 


ments resist overturning. Equations 


continuity in the upstream slope and which 


represent the relationships between the 


sliding and shear-friction factors of safety 


and the variables that influence design. A 


design example is given of two sections 


having the same stability factors but one 


section has nearly 10 percent greater area 


than the more economical section 


Elastic equilibrium of bridges (in Italian) 

G. Grout, Ingegnere, No. 11-12, Nov.-Dee 
Vaz. Ric., No. 259, 1950, 16 pp 

ArppLiep Mecuanics Revirtws 

June 1952 (Marguerre 


1040. ¢ 


M. Picone proposes to solve problems ol 
plain stress by developing the solution into a 
series ol polynomials with respect. to dis- 
placement, satisfying the differential equa- 
tions exactly and the boundary conditions 
(by application of Betti’s theorem) approxi- 
mately. This idea is applied to the problem 
load 


in the cross section, limited by 


of a conerete bridge with a 
that 


varving so 
slowly 


three straight lines and parabola, a 


one 
state of plain diagrams shows the bending 


line and, by means of isostatics obtained 


stress distribution, which 


analytically, the 


is of importance chiefly for reinforcing the 


concrete. 


Determination of free calcium hydroxide in 
set cements—I (in Japanese) 
SHicko AKAtwa, Jour? ( uw ] J 
60, 1952, pp. 238-242 
CrERAMIC ABSTRACTS 
Oct. 1952 (Yamasaki 
the determination of 


Several methods for 


free lime in set cement, such as the Bessey 


method and the extraction method by glycer- 
ine, ethylene giveol, tribromophenol, were 
In the case of portland cement 
550 C, the 


traction methods agreed, but for 


compared, 


calcined at Bessey and the ex- 


mixed ce- 


ment the extraction method gave higher 


values. The decreases in free lime as pozzo- 
lanie action proceeded was detected by all 
methods In the case of a nonealeined 
sample, only the extraction method by tri- 
bromophenol Was 


applicable, but it gave 


higher values. 
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Design of a paper store 


E. F. Wuiriam, The Structural Engineer (London), V. 
30, No. 7, July 1952, pp. 147-152 
Reviewed by M. W. 


JACKSON 


Only 26 tons of reinforcing steel were avail- 
able for a warehouse building 206 ft x 90 ft, 
representing about 3.1 Ib per sq ft of plan 
area. The plan adopted was a two-span 
rigid 
with a hinge section at the crane girder level, 


sawtooth reinforced concrete frame, 


spaced 14 ft 8 in. on centers. In the interior 
of the building, columns were spaced 29 ft 
$ in., alternate frames being carried on a 
1! 4-ton 
Purlins were precast, except 


central beam which also carried a 
capacity crane. 
the extreme ridge member which was cast in 
place to act a8 4 positive horizontal tie. Roof 


was partly precast, partly cast-in-place. 


Importance of the ultimate load method for 
the development of reinforced concrete con- 
struction (Die Bedeutung des Traglastverfah- 
rens fuer die Weiterentwicklung des Stahlbe- 
tonbaues) 
KARL JAGER, Oesterreichische Bauzeitschrift 
7 1, Jan, 1952, pp. 9-13 

Reviewed by Rupoven Fiscui 


Vienna), V. 


The paper opens with a historical review 
on the development of the n-free design pro- 
cedure for reinforced concrete. The ultimate 
load method gives a more uniform approach 
to all problems in reinforced concrete design, 


loads 


constructions are 


including eccentric and 


\Iore 


prestressing 


economic possible, 


especially by larger Spans OF restricted depth 


The this 
method as far enough developed and experi- 


of members. author considers 


mentally tested to be included in the Austrian 


specifications for reinforced concrete 


Composite construction in prestressed concrete 
(Samengestelde constructies in voorgespannen 
beton) 


Ss. G SRUGGELING, Cement Amsterdam), No 
11-12, 13-14, 1951, pp. 208-210, 238-245 

Reviewed by Jonn W. T. Van Ent 

Main characteristic of this type of con- 

(and 

inverted T 

in place fill o1 


struction is combined use of precast 
prestressed) members of I, T or 
section, joined by a cast 
topping. Thus the advantages of prefabri- 
cation and monolithic construction are com- 
bined. Precast members are shop fabricated 
controlled fulfill the 


These 


precast 


under conditions and 


highest requirements of prestressing. 


members can also be built up of 


elements, reinforcing being post-tensioned, 
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Cast in place concrete forms the compressive 
laver and pertect bond between the precast 
sections and the fill concrete is essential to 
members 


obtain monolithic action. Precast 


are interconnected crosswise either by con- 
ventional reinforcing or by lateral prestress- 
ing. The article describes many successful 


examples where the precast members also 


served as formwork for the concrete fill 
Composite type of construction makes the 
feasible 
smaller jobs, for which it otherwise would 
It is to be expected that 
this method of construction, by the time it 
gets this 


country because of its labor saving aspects. 


use of prestressing also for the 


be uneconomical. 


known will be widely used in 


Lateral force distribution coefficients and stress 
analysis for walled frames (in English) 


Don W. Buriter and Kiyosat Muro, Japanese Edu- 
eation Ministry, Tokyo, 1951, 264 pp 


Reviewed by Mitton G. Leona 


This olume discusses some of the methods 
recent developed in Japan for the analysis 
of reinforced concrete buildings subject to 
lateral forces 

An inherent feature of reinforced concrete 
construction is the use of 
lateral 


of such structures is complicated by the fact 


seismic bearing 


walls to resist forces. The analysis 
that the rigidity of a walled frame is affected 
by the rigidity of the surrounding members 
and supporting foundations. In an attempt 


to solve this problem, the authors present 
methods based on previous Japanese studies 


Naito, 
Tadashi Tanaguchi, Shizuo Ban, and Heigaku 


on seismic bearing walls by Tachu 


Tanabe together with recent seismic experi- 
ments conducted in Japan 

While the commonly accepted method for 
irame 


determining the rigidity of a walled 


considers only its bending and shearing de 


formations, occasionally including the de 
the authors’ 
take 


account the effect of foundation rotations. In 


formation due to frame effects, 


methods go a step further and Into 


evaluating the probable action of «site soil 
upon the imposed structure, deferentiation 
is made between soft soil, intermediate soil, 
and hard rock 
Numerous cases of walled frames, with o1 
without openings and combined with various 
soil conditions, are presented to illustrate the 
methods 


authors’ Sample calculations are 


also prov ided in the appendix 
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Bond strength of galvanized steel angle in 
concrete 


G. More, Technical Report O/T7, 
Assn. (England), 1952, 13 pp 


Electrical Research 


AUTHOR'S SUMMARY 


Information is required on the bond- 


strength of galvanized steel 


bars embedded in concrete to facilitate the 


angle-section 


design of footings for steel-lattice transmission 


line towers. Tests have been made to 


determine the relative influence of (1) round 
rough sur- 
The 


allow 


or angle section, (2) smooth or 
face, and (3) plain or galvanized steel. 
results are sufficiently consistent to 
significant conclusions to be deduced. These 
show that there are no large differences be- 
tween the bond strengths of round and angle 
bars, and the bond strength of the galvanized 
specimens is nowhere less than two-thirds 
that of plain steel. Recommendations are 
made for values of bond stress to be used for 
the design of steel-lattice tower footings and 


structural concrete. 


Prestressed concrete structures 
Avaust Komenpant, McGraw-Hill Book Co., New 
York, N. Y., 1952, 261 pp, $6.00 


Reviewed by Joun W. T. Van Erp 


Development of prestressed concrete is 
apparently so fast that few books are being 
written about it, although a multitude of 
magazine articles has appeared, each treat- 
ing some specialized aspect of the matter. 
This book, however, presents a comprehensive 
review of the entire subject and thus fills a 
definite need. Unfortunately, notation and 


standard and thus 
practical use of the book is somewhat difficult 


until the system is mastered 


symbols used are not 


However, the 


extensive use of indices, seemingly over- 


complicated at first, proves very helpful in 
pinning down the exact meaning of a symbol. 
The wording used does not always convey 
the intended meaning. ‘“Pretensioning’’ is 
often used where ‘“prestressing’ is meant 
(p. 204) and vice versa (p. 79). But apart 
from these minor deficiencies the book is a 
valuable addition to the designer’s library. 
economic 


Interesting is the section on 


considerations, based on the extensive ex- 


perience with this material abroad. Foreign 


design examples predominate and it is 


questionable whether they will indicate 


the way in which prestressed construction 
will develop in this country. The majority 


of structures described are typically ‘hand- 
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that have 


obvious advantages abroad but not 


made,” a type of design may 
here. 
The book on the other hand pays no attention 
to the important developments in the manu- 
facture of machine-made precast units, such 
as joists on continuous pretensioning beds or 
girders built up from small precast units 
such as the cement block industry can turn 
out economically. Herein lies the greatest 
future for prestressed concrete in the U.S. 

A meticulous thoroughness pervades the 
entire book, particularly its mathematical 
handling of the subject. See for instance the 
influence of creep (and flow) on the stresses 
expressed as a function of time. Especially 
interesting to the advanced designer should 
be the section devoted to trussed structures 


(nonhomogeneous static action) as well as 


Obviously the 
“the 
field,” as stated in the introduction (p. V) 


that on prestressed shells. 


book is not intended for men in the 


but is primarily a design handbook. 


Aggregates for lightweight concrete from brick 
loam and similar raw materials (in German) 
Kurt Meyer, T'onind.-Ztg. und Keram. Rundschau, V 
76, No. 1/2, 1952, pp. 2-8 
CrraMic ABSTRACTS 
Aug. 1952 (Eitel 

The possible depletion of the abundant 
brick waste in the German building industry 
raises the problem of utilizing available raw 
materials (inferior quality clays, loam, etc.) 
as concrete aggregate. This can be done by 
the sintering process in rotary kilns, by the 
Dwight-Lloyd process, or by the recently 
developed Globulite process. 

The first two processes are especially suit- 
able for expanding clays or slates by firing 
at 1050 to 1300 C, but the usual dense glassy 
surface of the resulting grains is unfavorable 
The Globulite 
process is generally much more useful for 


for concrete production. 
expanding and also nonexpanding clays; by 
a ceramic method, balls 2 to 3 cm in diameter 
to 3 mm thick are fired at 950 
to 1100 C in a shaft or rotary 
sintering conveyer. 


with walls | 
kiln or on a 
Inferior fuels can be 
used, and the heat economy is favorable. 

For the reconstruction plans of the city of 
Frankfurt 
plant for fine-grained brick waste was erected, 


Main, a Lurgi sintering conveyer 
which is particularly economical. Such sin- 
tering kilns work equally well with brick and 


tile waste, granulated blast furnace slags, 





CURRENT REVIEWS 


coal-containing boiler ash, fly ash and boiler 
dusts, waste dump material from hard coal 
mines and washing plants, and also for basalt 
quarry and slate waste, soft coal residues, etc. 

The uniform quality of the products is 
concrete produc- 


important for controlled 


tion. The mechanical strength of the green 
concrete is usually improved by additions 
With about 


130 kg of portland cement per cu m of con- 


of 10 to 15 percent fine sand. 


crete, the mechanical strength of 20 x 20-cm 
cubes was determined (for different aggregate 
mixes) as 46 to 90 kg per sq cm. To elimi- 
nate excessive angularity of the aggregate, 
slight rolling of the material is reeommended; 
in spite of the reduced cement content, this 
rolled aggregate gives improved mechanical 
concrete. 


strength of the Expanded clay 


fired on a sintering conveyer produces 


granules which do not have the smooth 
glassy surface of rotary kiln products but are 


rough and angular. 


Reconstruction of the Saint-Jean-de-Losne 
bridge over the Saone (Reconstruction du pont 
de Saint-Jean-de-Losne sur la Saone) 

M. Gvenor and M. innales des Ponts et 
Chaussees \ Mar.-Apr. 1952, 
pp. 151-176 


Prezer, 
Paris 122, No. 2, 
Reviewed by Aron L. Mirsky 

This reinforced concrete cantilever bridge 
consists of two $34.5-m anchor spans, two 
15-m cantilevers and a 20-m suspended span. 
In addition, it is flanked by a 17-m masonry 
Over-all length is 528 ft. 


52-m cantilever girders, each 


arch at either end. 

The eight 
weighing 185 tons (interior girders) or 155 
tons (exterior girders) were fabricated on a 
200 m 
barges in an ingenious manner 
to the 
advantages are 


mounted on 
and floated 


Several 


site some upstream, 


erection. 
this 


br idge site for 


claimed for method: 
close control of the casting operations, saving 
of time (girders can be constructed simul- 
taneously with substructure), freedom from 
vagaries of the stream. 

It is interesting to note that reinforcing 
sizes consisted of de- 


steel in the smaller 


formed American bars. 


Three recent bridges in prestressed concrete (in 

French) 

J. Caper, Travaur, No. 208, Feb. 1952 
Reviewed by 


pp. 65-73 
I. W. Jackson 


The first of three bridges described is the 
Baudour. 
construction are given for this span of 150 ft, 


bridge at Details of design and 


259 


over-all width of 19 ft, designed for a truck 
of 32 metric tons. A hollow box section was 
with the interior carrying the 


used pre- 


stressing cables. The box section contained 


two massive ends and four intermediate 


stiffeners. The cables were supported at the 
intermediate stiffeners by special perforated 
steel plates and were carried through the 
massive ends in tubes. The stiffeners were 
reinforced to transmit to the deck the vertical 
reaction due to change of inclination of the 
The two sides of the box section 


sufficient 


cables. 


beams were reinforced lightly, 
only to prevent cracking due to shrinkage 
before prestressing. 

The deck was slightly cambered, with the 
bottom of the bridge straight. The bridge 
depth varied from 4.3 ft at the supports to 


5.5 ft 
There were 16 cables of 32, 0.28-in. diameter 


at midspan 


The wire had an elastic limit of 
200 ksi 
Magnel-Blaton sandwich 


wires each. 
155 ksi, ultimate strength of and 
were anchored by 
plates. Space was allowed for two additional 


to be installed in the future if con- 


The 
strength of the concrete tested at 28 days in 


cables 


sidered necessary due to plastic flow 


S-in. cubes measured 6800 psi 

The second bridge was at Vive-Saint-Eloi 
Many 
ered, including “a proposed reinforced concrete 


alternate bridge designs were consid- 


cantilever type with a hinge in the center 
and requiring cyclopean concrete abutments 


The 


stressed concrete, W ith 


bridge as constructed was. of pre- 


125 ft and 


consisted of 


& span ol 
an over-all width of 48 ft. It 

17 precast I-beams with depths of 4.8 ft or 
Rach 


each cable containing 48 to 56 wires of 0.28 


more. beam contained three cables, 


in. diameter. The wires had an elastic limit 
of 155 ksi, ultimate strength of 200 ksi, and 
The 


weighed $0 metric tons each and were cast 


a working stress of 121 ksi. beams 
on shore and slid into place on temporary 
falsework to the final position on the abut- 
ments. 

Each beam in place was separated by a 
small grouted joint. The beams were joined 
by transverse prestressed wires consisting of 
ten cables of eight wires each, placed 11 ft 
apart in the top chord, and 11 similar cables 
placed 11 ft apart in the bottom chord. 

The third 
pedestrian 


structure 
built 


was a two-span 


bridge over the Nimy- 
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Blaton canal. The main span, length 200 
ft, of 
bex section, depth 10.5 ft, reinforced with 


was prestressed concrete of hollow 
six cables of 96 wires each, of 0.28 in. diam- 
178 
ksi, ultimate strength of 240 ksi, and working 
stress of 142 ksi. 


openings adjacent to the walls on the inside 


eter. The wire had an elastic limit of 


The wires were placed in 


after forms were removed, and then grouted 
in place. The second span, 70 ft, was of re- 


inforeed concrete. 


Bond stresses in reinforced concrete columns 
and beams 
J. M. Hawkes and R. H. Evans, Structural Engineer 
(London), V. 29, No. 12, Dee. 1951, pp. 323-327 
AppLiED Mecuanics Reviews 
Aug. 1952 (Meyerhof 
Authors describe results of tests on rein- 
forced concrete columns and beams to deter- 
mine the magnitude and distribution of bond 
stresses for various types of reinforcing steels. 
Pull-out tests show that distribution of bond 
stress along column is exponential function 
the loaded end. After 
initial slip, position of maximum moves along 


with a maximum at 
steel and its value remains sensibly constant. 
Transverse loading tests on beams show 
that cracking of conerete causes bond stress 
over crack to rise rapidly with a maximum 
depending on bond qualities of reinforcement 
Greater bond stresses were accompanied by 
larger deflections and wider cracks, which 
may limit allowable bond stress in practice. 
With mild steel, bond failure occurred only 
when vield point ot steel had been reached 
The latter result is due to the high strength 
of concrete used and would not apply to the 
ranges of strengths commonly used in prac- 
tice. teviewer also considers that reference 
to extensive earlier investigations in various 
countries might usefully have been made. 


Theory and practice of the intentional entrain- 
ment of air in portland cement concrete (Teoria 
y practica de la incorporacion intencional 
de aire al hormigon de cemento portland) 


ALBERTO S. C. Fava, Construccione Aires), 
Part 1, Feb. 1952, Part 2, Mar. 1952 
teviewed by Francisco J 


Buenos 
CorbDOvA 


This contribution is by far the most concise 
and comprehensive on air entrainment written 
by a Latin-American engineer. This paper 
was awarded first prize during the recent 
competition on ‘Studies of Problems of Con- 
struction in Argentina” including 36 papers 
held by the Argentine Chamber of Construc- 
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tion (Camara Argentina de la Construccion). 

The work is based on laboratory investi- 
gations and field control work for a large 
water treatment plant now under construc- 
tion at Punta Lara and the connecting water 
line from the plant to the city of La Plata, 
Argentina. Investigations for this project 
indicated the major part of the structures 
be to attack 


aggressive and 


would exposed serious by 


underground waters soils. 
Experiences gained in other countries induced 
entrainment 


Mr. Fava to consider use of ait 


in the work and, incidentally, its introduction 
into Argentina. 
As 


Punta Lara project it was decided to use 


a basis for the specifications for the 


a. Sound aggregates 

b. Cement of low tricalcium aluminate 
content. 
tich 
cement ratio, and slumps not to ex- 

10 em. 

d. High-frequency vibration 


conerete mixes, low water- 


ceed 


e. Air entrainment 


detailed 
to 


the 


were 


However ,the preparation ol 
specifications for the 
prepared by LEMIT. 

The first Mr deals 
with the development of air-entraining ad- 


project be 


part of Fava’s paper 


mixtures in Argentina and the increased re- 
sistance of alr-entraining concrete to freezing 
and thawing and sulfate waters as well as to 
bond to steel 


tests on 


and to aggregate, 
lia 


abrasion resistance, modulus of elasticity, 
expansion due to temperature and moisture 
changes An excellent and detailed descrip- 
tion of the design of a concrete mixture con- 
taining an ai-entraining admixture Is given. 
the 


the methods used in the determination of ai 


The second part ol pape! deals with 


content in fresh conerete and describes the 
gravimetric and pressure methods and equip- 
ment currently used. An air meter was made 
the laboratory 
described Bailey 
Gooding in “A Method for 
Air Content Fresh 
Washington Department of Highways, 
ratory Report No. 81, Dec. 1947. 
Graphs showing the results of slump, per- 
ol 


bleeding, 


with those 


and W L.. 


Determining the 


in in accordance 
by Tremper 


Concrete,”’ State of 


Laho- 


ol 


centage air entrained, weight per unit 


volume, and compressive and 


flexural strength are shown. Numerous 


photographs accompany the paper. 





Title No. 49-19 


Spacing of Spliced Bars in Tension Pull-Out 
Specimens’ 


By S. J. CHAMBERLIN 
SYNOPSIS 


The effect of spacing of parallel bars was investigated with tension pull-out 
specimens. Prisms of concrete, square in cross section and of variable length, 
contained three bars; one bar was embedded along the vertical axis and ex- 
tended downward, two other bars paralleled the center bar and extended up- 
ward. Slip of the center bar was measured at both the loaded and free end. 
Symmetrical spacing between the bars, from adjacent-tied to a clear separa- 
tion of three bar diameters, was the major variable. Three different concretes 
and three types of bar—plain, one type of old-style deformed, and one type of 
new high-bond—were included. 

Results indicate that the bond of plain bars is not appreciably affected by 
spacing of the bars. Bars having one type of old-style deformations and bars 
having one type of deformation meeting current requirements for deformed 
bars developed better average bond stresses in adjacent-tied splices even 
without mechanical interlock than in spaced _ splices. Spacings, other than 


adjacent-tied, do not appear to affect bond significantly. 


INTRODUCTION 


Minimum permissible spacing of parallel tension bars in beams should 
presumably take into account (1) minimum clearance necessary for getting 
concrete under and around the bars to develop full bond between bar surface 
and surrounding concrete, and (2) width of conerete needed between bars to 
carry up and into the beam the forces developed by bond at the under-surface 
contacts of the bars. 

The first factor above is a definite, tangible problem and seems to underlie 
former and present code practices. Codes have covered the matter with a 
three-way limitation, taking account of bar diameter, maximum size of 
aggregate and an arbitrary minimum distance if one of the other two factors 
did not control. In the 1947 ACI Code (ACI 318-47) the minimum clear 
spacing between bars was not to be less than one and one-half times the 
diameter for round bars or one and one-third times the maximum size of 
aggregate and at least 1 in. in any ease. The current code (ACI 318-51) re- 
tains these stipulations except that the one and one-half (diameters of bar) 
has been changed to one diameter. 

*Received by the Institute July 31, 1952. Title No. 49-19 is a part of the copyrighted JovrNat or THE AMERICAN 
Concrete Institute, V. 24, No. 4, Dec. 1952, Proceedings V. 49. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Apr. 1, 1953. Address 1826 Me Nichols 
Rd., Detroit 19, Mich 

tMember American Concrete Institute, Professor of Theoretical and Applied Mechanics, lowa State College 
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Spacing of bars can be economically important, especially where bar clear- 
ance becomes a determining factor for width of stem or multiple layers of 
steel. In precast joist construction, for example, there is pronounced pressure 


for authorization of closer spacings. With the size of aggregate generally 


small and both mixtures and placement under excellent control, there seems 
to be no question of adequate placement with clearances less than those 
required for average field conditions. 

Unfortunately there has been no such obvious basis of justification from 
the standpoint of width of concrete necessary for stress transfer from beneath 
the bar up into the beam. Computations of clearances needed for the stress 
transfer at permissible stresses in bond and shear give greater required clear 
spacings than those now or formerly specified. 

Related to the spacing of parallel bars in beams, but not to be confused 
with it, is the problem of lapped splices in which the stress transfer, instead 
of being solely from steel to concrete, is from one steel bar through intervening 
concrete into another parallel steel bar. 

There are little pertinent data on either of these problems, both of which 
were clearly in need of study. Up to the beginning of this test series, no test 
data were located that were directly applicable to the problem of minimum 
bar spacing. Since then the ACI JourNAL has published one paper on spaced 
and tied reinforcing bars.! 

The work reported here presents the results of one phase of a general project 
on lapped splices and the spacing of reinforcing bars. Tests were designed 
primarily to provide data on the effect of spacing of lapped bars on bond and 
also on the effect of length of overlap in relation to effectiveness of stress 
transfer from one bar to another at a splice. All specimens for this phase 
were tension pull-outs. 


OUTLINE OF INVESTIGATION 


The tension pull-out lapped bar specimen consisted of a prism of concrete 
of square cross section and variable length cast and tested with the major 
axis vertical. The cross section was 6x6 in. for the #4 bar specimens and 
9x9 in. for the #6 bars. The test bar was embedded along the vertical 
axis and extended downward from the lower face. Two other bars paralleled 
the test bar and extended upward from the upper face. All bars extended 
completely through the concrete. The two outsidé, or hanger bars, were 
placed symmetrically with respect to the center bar, the clear space between 
bars being the major variable. Such a splice arrangement does not duplicate 
a single-bar splice in a beam, but it does exaggerate the effect if there is any 
weakening of bond due to proximity of the bars. The three-bar arrange- 
ment was adopted primarily to avoid the eccentricity and induced bending 
inherent in a two-bar lap. The vertical length of the prism was the effective 
length of the lap joint and was one of the other variables. Slip of the center 
bar was measured both at the upper, or free end, and at the lower or loaded 





SPACING OF SPLICED BARS 


TABLE 1—OUTLINE OF TENSION PULL-OUT TESTS 


Length, L/D* Clear spacing, Kind of bars? 
in 


4 


Potal 


+f, length of lap (equals embedded length of bar). D nominal diameter of bar 
t Description of bars A #4 old-style deformed (nominal diameter ‘4 in.) 
See Fig. 1 B— #4 plain (nominal diameter 4 in 
C— #4 new-type deformed (A305) (nominal diameter '4 in 
D— #6 new-type deformed (A305) (nominal diameter % in 
tBars adjacent and wired together 


end. The investigation was divided into three series which are briefly out- 
lined in Table 1. 


MATERIALS, FABRICATION AND TEST METHODS 
Materials 
Concrete aggregate consisted of 24-in. maximum size river gravel and a 
river sand from local sources. Gravel was separated in the laboratory into 
two sizes, 34 to 34 in. and 34 in. to No. 4, and recombined in batching in 


proportions of 60 percent of the coarser and 40 percent of the finer resulting 


in a fineness modulus of 6.60. The sand was not of ideal grading, lacking 
somewhat both in fines and in coarse material. The fineness modulus of 
the fine aggregate averaged about 2.90. Type I cement was used, one brand 
for Series | and another brand for Series I] and IIT. 

The concrete mixtures (Table 2) were all plastic and satisfactorily workable. 
Mixing was done in a “one-half sack” tilting-drum mixer. When the total 
batch required exceeded the capacity of the mixer two batches were mixed 
within a few minutes of one another and then remixed together by hand. 

Reinforcing steel was of three different types: For Series I, #4 old-style 
deformed bars were used; for Series I], #4 plain and new-style (A305) de- 
formed bars; for Series III, two sizes, #4 and #6 of the new-style deformed 
bars. Significant information on the steel appears in Table 3 and Fig. | 
shows front and side views of each of the four kinds of bars. 


TABLE 2—CONCRETE MIXTURES 


Proportions, wt.* Slump, in Compressive strength, 
psi 


5ATO (7 days) 
1400 (28 days) 
3170 (28 days) 
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TABLE 3—REINFORCING STEEL 


Series I Series II Series III 
Size a4 a4 a4 #4 a6 
Type and deformations A — Def B— Plain C—Def C—Def D—Def 
1 Average height, in 0.038 0.027 0.027 0.045 
2. Spacing, in 0.78 0.21 0.21 0.31 
3. Total gap, in 0.36 0.26 0.26 0.30 
Yield point, pei 465,000 48,000 50,000 50,000 50,000 
Tensile strength, psi 71,000 65,000 76,000 76,000 76,000 
Percent elong., §% in 26 24 24 22 


»” 


Fabrication of specimens 

Specimens were cast with the steel vertical, the bars held rigidly, and 
with the same orientation as in testing (single center bar extending down- 
ward). Deformations of the new-style deformed bars used are oriented in 
opposite directions on the two sides of the bar. For uniformity, specimens 
were all cast with the two outer bars having the same orientation of deforma- 
tions. The center bar was cast with the deformations in the opposite direction 


to that of the two outer bars. For zero or adjacent spacing, to avoid any 


variable mechanical interlock of the deformations, bars were placed ‘‘rib-to- 
rib’”’ (longitudinal ribs in contact). 

Prisms with #4 bars, all 6 in. square and of variable length, were cast in 
steel forms (designed for casting 6 x 6 x 36-in. beams) standing on end. 
The split bottom, through which the bar projected, and the front piece were 
of wood. Prisms for the #6 bar specimens were likewise vertically cast but 
in wooden forms. All of the forms were sealed so as to be watertight. 

To avoid the almost explosive splitting that occurred in the shorter lengths 
of Series I, all specimens with new-style deformed bars were reinforced with 
a spiral made of No. 9 soft wire. The spiral had a pitch of 1 in. and an inside 
diameter of 4! in. for the #4 bar specimens and 7 in. for the #6 bar speci- 
mens. Plain bar specimens were not spirally reinforced. Concrete was 
placed through the open top in small increments and rodded by hand. Speci- 
mens were covered with damp burlap and left in molds for two days or more 
and then moist cured by immersion until tested at 28 days for Series IIT and 
III (7 days for Series 1). 


| 


Fig. 1—Front and side view of bars. Left to right: Bar A, *4 old-type deformed; Bar B, *4 
plain; Bar C, * 4 new-type deformed; Bar D, * 6 new-type deformed 
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Fig. 2 (above)—Dial arrangement for measure- 
ment of slips, Series | and Il 


Fig. 3 (right)—Dial arrangement for measurement of 
slips, Series Ill; #6 bar; pecimen in machine 


Testing and instrumentation 

The two outer bars of the specimen were carried up to a supporting frame 
arranged to distribute the test load evenly between them. The frame was in 
turn supported through a spherical bearing on the upper or fixed head of 
the machine. The center bar extended downward and was clamped in the 
jaws of the lower or movable head. Specimens with #4 bars were tested in a 
hand-operated 20,000-lb capacity, screw-gear, lever-type Olsen machine 
Specimens with #6 bars were tested in a similar machine of 200,000-lb ca- 
pacity also hand-operated for application of the load in these tests 

Slippage of the center bar was measured at both the loaded (lower) 
end and at the unloaded (upper) end. The arrangement of the 1/10,000 in 
Federal dials for Series I and IT is shown in Fig. 2 and that for Series TILT in 
Fig. 3. For Series I and Il and for both ends of the bar the dial supports 
were clamped to the concrete and dial plungers were in contact with a rod 
secured to the steel (Fig. 2). For Series III the dial support was clamped 
to the bar with the plungers bearing on steel »lates plastered in place (Fig 
3). The latter arrangement for measuring slip at the unloaded end is con- 
sidered the better of the two because movement was measured close to the 
bar and the arrangement was compact and easily adjusted. For slip measure- 
ment at the loaded end the latter arrangement was not considered as good 


as the former because its compactness was a disadvantage in the specimens 


containing the new-style deformed bars. Failure in such specimens was 
accompanied by the pulling out of a roughly conical plug of concrete around 
the loaded end of the test bar, particularly for the wide-spaced bars. Such 
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“coning”’ action usually dislodged the dial bearing plates on the lower face 
of the specimen at loads approaching the ultimate. Specimens were loaded 
in small increments with loading stopped for reading of dials. 


TEST RESULTS 
Series | 


Series I was essentially a pilot or exploratory series to indicate the range 
of variables and to develop casting and testing procedures. A _ relatively 
large number of spacings and lengths were investigated with one specimen of a 
kind (Table 1). All specimens of one length, but of all the different spacings, 
were cast from a single-batch of concrete and tested at seven days. All of 
the 4 and 6 in. long specimens failed by splitting; all of the 8, 12, and 16 in. 
specimens failed by reaching the ultimate tensile strength of the center test 
bar. 

Load-slip curves were constructed for each group of spacings for a given 
length. Variation in results was high and trends could not be identified 
with assurance from the individual curves. Averaging the results from the 
different lengths does indicate an effect of spacing on bond. “Average’’ 
bond values for each specimen were determined by the method used by Clark.? 
Bond stresses developed at values of slip at the loaded end of 5, 10, 20, 30, 
410, 50, 75, and 100 divisions (1/10,000 in.) were totaled and the sum divided 


“e 


by the number of readings (eight) to obtain an “average” value. The “aver- 
age’ bond stress at slips of 0.5, 1, 5, and 10 divisions at the unloaded end 
were similarly computed. The effect of spacing on bond for #4, old-type 
deformed bars, and a concrete strength of 5470 psi at seven days is shown 
in Fig. 4. Values for spacings of 4, 34, and 1% in. were not included in the 
averages because only two lengths of specimens (six specimens) had these 
spacings. Nor were any values averaged in for the 4-in. embedments since 
these were clearly more erratic than those for the other lengths. 
Series II 

Series II consisted of #4 bars, plain and new-style deformed, and speci- 
mens with an average concrete strength of 4400 psi at 28 days. As in Series I 
only one specimen of a kind was tested. Results are shown (Fig. 5) in the 
same form as for Series I. ‘“‘Average’’ bond stresses were determined for the 
four different lengths to indicate effect of spacing. 


g 
* a 


100-4 


Fig. 4—Effect of bar spacing 
on “average” bond stresses cor- 
responding to slips of 5, 10, 20, 
30, 40, 50, 75, and 100 ten- 
thousandths in. at the loaded end 
and slips of 0.5, 1, 5, and 10 ten- 
thousandths in. at the free end. 
*4 bars, old-type deformed, 

four different lengths of embed- 


LOADED END ment, Sexton | 
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Fig. 5—Effect of bar spacing on 
“average” bond stress corre- 
sponding to slips of 5, 10, 20, 30, 
40, 50, 75, and 100 ten-thou- 
sandths in. at the loaded end and 
slips of 0.5, 1, 5, and 10 ten- 
thousandths in. at the free end. 
#4, plain and new-type de- 
formed bars, four different lengths 
of embedment, Series II 
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cast with #6 deformed bars for the three different spacings from a_ single 
batch of concrete. 

Average bond-slip curves were constructed for #4 plain bars (Fig. 6a and 
6b), for #4 deformed bars (Fig. 7a and 7b) and for #6 deformed bars (Fig. 8a 
and 8b). Bond stresses developed were less for #6 deformed bars than they 
were for #4 deformed bars for comparable slips, although the length-diameter 
ratio (12) was the same. These curves and results agree with those of Walker! 
for tied and spaced new-style deformed bars, although he used a different type 
of deformed bar and an entirely different type of pull-out specimen. 

Kffect of spacing on “average”? bond stress is shown in Fig. 9 and 10, 
Average bond stresses for #4 plain bars of Series III (Fig. 9) indicate that 
slightly, but perhaps not significant, higher values were obtained with tied 
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Fig. 6a—Bond-slip curves for #4 plain bars, free end. Average of six specimens, length of em- 
bedment 6 in., Series III 


bars in contact than with spaced bars. Series II indicated the reverse (Fig. 5), 
that for #4 plain bars better values were obtained progressively as the spacing 
increased. Concretes for the two series are not comparable. Fig. 5 pre- 
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the time the latter series had been cast and tested. For these reasons the 
results of Fig. 9 are deemed more significant than those of Fig. 5. 
Plain bar specimens failed by the center bar pulling through the concrete 
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Fig. 9—Effect of bar spacing on “average" bond 
stress corresponding to slips of 5, 10, 20, 30, 40, 
50, 75, and 100 ten-thousandths in. at the loaded 
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formed bars, six specimens of a kind, length of 
embedment 6 in., Series Ill 
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at loads well below the yield point stress of the steel. Failure was in bond 
with no visible disturbance of the specimen. Average ultimate bond stress 
developed with slips at the ultimate load are shown in Table 4. Differences in 
average ultimate bond stresses are not enough to be significant, but the corre- 
sponding average slips at ultimate load are considerably less for the adjacent- 
tied bars than they are for the spaced bars. 
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TABLE 4—VALUES AT ULTIMATE LOAD FOR #4 PLAIN BARS—SERIES III* 


Slip at ultimate, in 

Clear ; Average ultimate (average of loaded 
spacing, in. bond stress, psi and unloaded ends) 
0-tied 245 

! 22 
3 


ie 


) 0.0181 
1 0.0268 
) 0.0296 


*Average of six specimens for each spacing 


Specimens with new-type deformed bars and adjacent spacings failed by 
the center bar pulling or plowing through the concrete with little visible 
disturbance of the concrete except for a small amount of disintegration around 
the bar at the pull-out end. There was no observed cracking of concrete in 
specimens with #4 bars and adjacent spacing. Specimens with #6 bars 
and adjacent spacing developed small vertical cracks in the plane of the 
three bars at loads of about 90 percent of the ultimate. With clear spacings of 
one diameter and of three diameters the failure was that of the specimen rather 
than that of bond. Failure of such specimens was accompanied by the pulling 
out of a rough cone of concrete around the loaded end of the bar and cracking 
of concrete both vertically and horizontally. For #4 bar specimens the 
“cone” was about 4!5 in. in diameter and 1 in. high; for #6 bar specimens 
it was about 7 in. in diameter and 1 in. high. “Coning” and cracking were 
usually apparent at loads of about 90 percent of the ultimate. Beam action 
in the specimens having the widest spacings may also have influenced the 
results for deformed bars at high loads. Ultimate loads were developed in 
excess of the yield point of the steel for all of the new-type deformed bar 
specimens having adjacent-tied spacings. Ultimate loads for the one diameter 
spacings were at the yield point, and those for the three diameter spacings 
were at the vield point or lower. Slips at the loaded end of the bar could not 
be obtained after the yield point stress was developed because of the loosening 
of the dial clamps, nor after cracking or “‘coning”’ of the bottom face because 
of the dislodgment of the dial bearing plates. Tabulated values at the ulti- 
mate, Tables 5 and 6, are somewhat misleading because none of the new- 
type bar specimens failed below either the yield point of the steel or serious 
disintegration of the concrete. There were no ultimates that correspond to 
the usual concept of a bond failure. Results for loads below the ultimate 


TABLE 5—VALUES AT ULTIMATE LOAD FOR #4 NEW-STYLE DEFORMED 
BARS—SERIES III* 


Clear Average ultimate Slip at ultimate, in. 
spacing, In bond stress, psi (average, unloaded end) 


0-tied 1230 (above yield point) 0.0174 
ly 1120 (specimen failure) 0.0290 


1 930 (specimen failure) 0.0259 


*Average of six specimens for each spacing 
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TABLE 6—VALUES AT ULTIMATE LOAD FOR #6 NEW-STYLE DEFORMED 
BARS—SERIES Ili* 


Clear Average ultimate Slip at ultimate, in. 
spacing, in. bond stress, psi (unloaded end) 


0-tied 1120 (above yield point) 0.0240 
34 920 (specimen failure) 0.0408 
24 660 (specimen failure) 0.0350 


*Average of three specimens for each spacing 


expressed in Fig. 7-10 are assumed not to have been influenced by “specimen 
failure.”’ 

Results are in agreement with those of Kluge* for lapped bar splices in 
beams in that he observed little difference in the behavior of splices con- 
taining bars spaced 114 bar diameters clear or with the lapped bars in contact. 
Results also agree with Walker! that there is no weakening of bond in tied 
bars due to the proximity of the bars when they are vertical and the concrete 
well placed. Results are further in agreement with Walker! who showed that 
on the basis of end slip data the average performance of tied bars was even 
better than that of spaced bars in pull-out specimens. 

These results are all based on specimens cast vertically. Tied bars cast 
horizontally with an appreciable depth of concrete beneath them might be- 
have differently because of water-gain and settlement underneath the bar. 
For this portion of the investigation it seemed advisable not to introduce the 
variable of settlement under the bars. 


CONCLUSIONS 


Conclusions are necessarily derived from the results of tests made on ten- 
sion pull-out specimens with two sizes of bars of three different types as 
shown in Fig. 1. The most significant results concern effect of spacing of 
bars on bond. 


1. For concrete strength of 4400 psi, plain bars in specimens of the type employed 
failed to develop the yield point stress of 46,000 psi in lapped lengths up to 24 L/D 
L/D ratio of embedded length to nominal diameter of bar. 

2. Results for plain bars were indecisive but apparently bond was not affected sig- 
nificantly by the spacing 

3. The one type of old-style deformed bar in 7-day specimens of 5500 psi compressive 
strength (not spirally reinforced) developed the ultimate steel strength of 71,000 psi in 
lapped lengths of 162/D. Specimens having lengths less than 16 L/D failed by splitting 

1. For bars with old-style deformations, tied splices (without any lug interlock) de 
veloped higher bond than did the spaced-bar splices. 

5. Yield point steel stresses of 50,000 psi were developed in 28-day, 4400-psi concrete 
for the one type ol new-stvle (ASTM Designation: A305-50T) deformed bar in splice 
lengths of 8 L/D. For 3170-psi concrete the corresponding splice length was 12 L/D 

6. The A305 bars developed better average bond stresses in tied splices (no lug inter 
lock) than in spaced splices. Differences in bond for clear Spr ings of one diameter of 
bar and of three diameters were not significant. 
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Title No. 49-20 


Stability of Thin-Shelled Structures* 
By GEORGE C. ERNSTT 


SYNOPSIS 


A brief history of the development of various theories for determining the 
failing load for structural members subjected to compression provides the 
background for the presentation of test results confirming the validity of 
certain concepts. The two most widely accepted and used methods are pre- 
sented, namely the empirical and tangent-modulus methods, with specific 
adaptation to thin-shelled reinforced concrete construction. Past tests are 
reviewed briefly and a series of new tests are presented to illustrate thin- 
shelled stability characteristics, as well as to confirm the use of either of the 
two methods. 


HISTORICAL SKETCH 


The earliest interest in the stability of structural members under com- 


pressive loading was quite naturally centered around columns, leading to the 
presentation by L. Euler of his philosophy on the strength of columns in 1757." 
Although Euler did not restrict his formula to elastic conditions of loading, 


it is only in recent years that application has been made throughout the 
entire stress-strain range of the material used. During the later part of the 
nineteenth century and the early part of the twentieth century Fr. Engesser, 
A. Considére and T. Von Karman developed the application of Kuler’s formula 
for conditions of loading beyond the elastic limit of the material.’ But it 
was not until 1946 that F. R. Shanley demonstrated that failing load should 
be equal to or only slightly above the value obtained from the Euler equation 
when the tangent modulus of elasticity is used.*:* This has been termed the 
“tangent-modulus method” for determining the failing load, and the equation 
is expressed as follows for hinged-end columns: 
nr E, 

r (L/r)? 
in which p = axial unit load at failure, FE, tangent modulus of elasticity 
corresponding to stress p on the stress-strain curve for compression for the 
representative material, 1 = unsupported length, and r least radius of 
gyration. 

It has been true, therefore, that until quite recently the designing engineer 
has had to rely predominately upon empirical formulas for cases of stability 
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under compressive loadings, and had no interpretation of column action com- 
parable to that for beam action. In the tangent-modulus method, however, 
a concept of column action is now available which is as simple and direct 
as the flexural formula for beam action.’ Due to this, the tangent-modulus 
theory has been developed to cover all major stability conditions encountered 
in aeronautical design.** Problems of the structural engineer in civil engi- 
neering design are similar to those in aeronautical design, and the adaptation 
to the use of metals has already been presented.®> Furthermore, a great deal 


of ground work in theory and testing has been done in applying stability 


theory to metals.**!° In the case of reinforced concrete design, however, 
the empirical concept still remains as the designer’s tool, although F. E. 
Richart and others have demonstrated the applicability of the tangent- 
modulus theory to reinforced concrete by analysis of two series of reinforced 
concrete column tests." 

Stability problems in the field of reinforced concrete encompass columns, 
rectangular walls or webs, arches, rings, tubes, and shells. Until 1952 sta- 
bility studies of reinforced concrete had been limited to column tests,!!:!?:!3)'4 
and six controlled tests on reinforced concrete shells by H. Lundgren,'® in- 
sofar as published technical literature is concerned. In 1952, a series of ten 
rectangular plates (typical of walls or webs) were tested by the writer to 
obtain basic information on stability characteristics of thin-shelled rein- 
forced concrete construction and to study the application of the tangent- 
modulus theory to a structural element other than a column. 


THEORY 

Prior to the generalization of Euler’s equation by use of the tangent-modulus 
of elasticity, the only alternative to guessing was that of fitting empirical 
equations to test results and using an adequate factor of safety for design 
purposes. 
Empirical equations 

Insofar as empirical equations are concerned, an infinite number of different 
forms are possible in fitting an equation to test results. One of the oldest, 
and certainly as rational as any, is the “Rankine-Gordon” type developed 
years ago in connection with columns.'® The following form is representative 
of all such types, and is given as a generalized equation for stability prob- 
lems in reinforced concrete. 


in which p = axial unit stress at failure in psi, f’. = ultimate compressive 
strength of the concrete in psi, C = empirical constant required to make the 
equation conform to test results, p., = elastic buckling stress in psi. That 
is, for per, failure is assumed to occur when the maximum stress is at or below 
the elastic limit, and the modulus of elasticity occurring within the elastic 
limit controls failure. 
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The value of p,, for any type of elastic stability failure (pure buckling) is 
Der = k : 
(a/b)? 
in which E = modulus of elasticity within the elastic limit, a and b = the two 
dimensions that dominate in their effect upon failure, & = a constant con- 
forming to boundary conditions and any remaining dimensional requirements, 
and « = exponent resulting from an elastic analysis of the structural member 
under consideration. 
For example, in the case of columns: 
Der = k : 
(L/r)? 
in which k = x* for hinged ends, or 42° for fixed ends, L unsupported 
length of column, and r = least radius of gyration. 
For rectangular plates, such as walls or webs: 
EK 


Jer k 
f (B /t) 


; : , 3\2 . , 
in which fk = = (; + =} for simply supported edges and axial 
12(1 — w?)\B L 


loading on two opposite edges (see Fig. 4), B = width of plate perpendicular 
to the load, L = length of plate parallel to the load, ¢ thickness of plate, 
and w = Polsson’s ratio. 

For arches, rings, long tubes and shells: 

p — 

(R /t) 
in which k = see references 8 and 17, R = radius of arch, ring, tube or shell, 
¢t = thickness of arch, ring, tube or shell. 

For short tubes and shells: 

ee . 

(Rt)? 
in which k = see reference 17, R = radius of tube or shell, and ¢ thickness 
of tube or shell. 

Thus, by placing the appropriate expression for p,, in the Rankine-Gordon 
type equation and selecting a value of C that will make the equation conform 
as Closely as possible to experimental results, a final equation can be obtained 
that may be used for design, if an adequate factor of safety is included. It 
should be observed, however, that a staggering amount of testing would be 
required to cover all possible conditions of loading and restraint. Furthermore, 
in all cases other than the column, testing equipment and procedure is ex- 
tremely difficult and expensive, particularly for reinforced concrete construc- 
tion. 

Tangent-modulus method 
The generalized equation resulting from the tangent-modulus theory is 
Soule 


(a ‘h)* 
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’ 


in which p = axial unit stress at failure in psi, 2, = tangent modulus of 
elasticity corresponding to stress p on the stress-strain curve for compression 
for the representative material, a, b and x as previously defined. 

Hence, for columns, plates, arches, rings, tubes, and shells, the tangent- 
modulus equations for axial unit stress at failure may be obtained from those 
expressed above for elastic stability failure by substituting p for p.,, and 
E, for E in each case, as follows: 

Columns: = 


Plates: 


Arches, rings, long tubes and shells: 


Short tubes and shells: p k ~ ; In which k includes a ratio t/L. 
) 2 


Thus, if the stress-strain curve for compression is known for a short column 
of similar materials and arrangement of reinforcement, the complete stability 
(or buckling) curve may be obtained by substitution of corresponding p and 
FE, values in any of the above equations. A simple example of this application 
to columns is given in the section on column tests (see Fig. 1). 

It can be readily recognized that the amount and difficulty of testing is 
reduced to a minimum as compared with the empirical method. 


TESTS 


Although there appears to be only a meager amount of test information 
on the general problem of stability of reinforced concrete, a substantial num- 
ber of column tests are available for study. There are also the six tests on 
short roof shells by H. Lundgren of Denmark, and the ten rectangular plate 
tests by the writer. 

Column tests 

In 1948 Richart, Draffin, Olson and Heitman reported on a study of the 
applicability of the tangent-modulus theory to two series of reinforced con- 
crete column tests (Ref. 11, p. 80). It was concluded “that the strength of 
any long slender spiral column may be estimated from the properties of a 
short column of similar materials and arrangement of reinforcement.” Fig. 
1 is typical of the method of application. 

This study included both spiral and tied columns for those cases in which 
sufficient strain information had been taken, making a total of 32 columns. 
In closing the discussion of their study, it was concluded that test results for 
tied columns were too few to be especially conclusive (Ref. 11, p. 88). 


Shell tests 

In 1945 H. Lundgren reported a series of six tests on the stability of eylindri- 
eal reinforced concrete shells..° In analyzing the test results, Lundgren 
empirically fitted the Rankine-Gordon type equation to the data, obtaining 
the following formula: 
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Fig. 1a—Average stress-strain 

and tangent-modulus curves for 

three spiral columns with L/D 

5, vertical steel at 5.3 percent, 
spiral steel at 2.4 percent 
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pression for the representative material with reinforcement, and therefore a 
study of the applicability of the tangent-modulus method is not possible. 
The steel content was quite low for compression reinforcement, and it is quite 
likely that a stress-strain curve for a column of plain concrete having an 
L/t between 2 and 5 would have provided adequate p and E, relationships, 
but such are not reported in the paper. 

These tests, therefore, provide only an example of the use of the empirical 
method, whereas the study of the columns previously cited provides an 
example of the application of the tangent-modulus method to reinforced 
concrete. 
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Fig. 2—Panel test set-up 


Rectangular plate tests 

During 1952, the writer completed edge compression tests on ten reinforced 
concrete panels having all four edges simply supported (Fig. 2, 3, and 4). All 
panels had a nominal breadth of 40 in. and nominal heights of 20 or 40 in. 


in each of the following nominal thicknesses: !o, 34, 1, 14 and 1!5 in. The 


mix consisted of 1:3 mortar having a W/C of 0.44, all ratios by weight. De- 
flections, strains and angular rotations of edge tangents were taken at each 
load increment. All panels were centrally reinforced with 1 x I-in. 15-gage 
welded wire mesh. Longitudinal and lateral strains were taken on the second 
2 x 4-in. cylinder of each batch of mortar, resulting in the average values 
shown in the footnote of Table 1, as well as the composite stress-strain curve 
of Fig. 5. 
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Fig. 3—Details of knife-edge assemblies 
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Fig. 4—Deflection curve of test 
panel 








Center strains and corresponding stresses from Fig. 5, at 50 percent of the 
ultimate load on each panel and at the last load increment prior to failure, 
are shown in Fig. 6. In most cases, it may be noted that the higher loads 
are at or near the ultimate load. It is of interest to note, also, that for the 
114 x 40 x 40-in. panel, the resultant load shifted from one side of the center 
of the section to the other side between the last two load increments prior to 
failure. The stress distributions in Fig. 6 were used to obtain the ratio of 
eccentricity of load e to panel thickness ¢ as given in column 5, Table 1, as 
well as the probable ultimate load for e/t equal to zero for the thicker panels 
(144 and 1!4 in.) as listed in column 10. Edge tangent rotations were used to 
confirm the proper functioning of the knife-edges. 

Empirical plate equation—Ultimate unit loads obtained from the tests, 
as well as the critical unit loads for the 5, 34 and 1-in. panels by the South- 
well method*® and the probable ultimate unit load at e/t equal to zero for the 
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144 and 1!4-in. panels were plotted against B/¢ in Fig. 7. The equation that 
falls below all values for e/t equal to zero is 


p 


It is interesting to note that, if wis taken as 0.2 and B/L is equal to one for 
a square panel, the formula becomes 
f : 


p ; 
f B \? 
1 + 0.88 — 
E t 


in Which the adjustment constant of 0.88 is virtually the 0.9 proposed by H. 
Lundgren for cylindrical reinforced concrete shells.!° | Lundgren’s constant of 
0.9 assumes the effect of magnitude of central angle of the curved shell to 
be that of a complete cylinder, whereas the 0.88 for flat panels assumes the 
effect of breadth to width ratio to be that of a square panel for which the 
critical load is theoretically the smallest. In other words, the minimal ex- 
pression for p,, Was used to obtain both 0.88 and 0.9. 

This agreement between Lundgren’s empirical constant of 0.9 developed 
for cylindrical reinforced concrete shells and the corresponding value of 0.88 
developed for square panels suggests the possibility that the equation 

f.! 
p ry 
1+ 3° 
Per 
might be safely applied to other types of stability loadings, if the minimal 
expression for p,, is used. 
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Tangent-modulus applied to plates—With regard to the panel (plate) tests 


(see Fig. 4) on reinforced concrete, the value of k& becomes 


r L B\? L B\ 
k + = (0.86 t , for gz = 0.2 
12(1 w)\B L B L 


L 
3.44 for 1.04 and 0.2 
oe gs 


5.36 for — 0.575 and yu 0.2 
B 


Values of E, and its corresponding unit stresses may be taken from the 
compression stress-strain curve of the representative material for substitution 
with & in 

si ie 

(B /t)? 
to obtain values of B/t for the tangent-modulus stability (buckling) curve. 
In the application of the tangent-modulus method, however, it is more con- 
venient to use nondimensional curves.® 

In analyzing data from several series of tests on reinforced concrete columns, 
F. E. Richart'' amply demonstrated that the tangent-modulus theory was 
directly applicable to reinforced concrete. However, inasmuch as test data 
were analyzed directly in unit stresses and unit strains, no consideration needed 
to be given to a proper base stress and base strain®? for nondimensional curves 
when used for reinforced concrete. 

The base stress and base strain used for metals in aircraft design were de- 
veloped from a consideration of, and consequent indirect use of, the yield 
strength at 0.2 percent offset.’ Although the manner of selection of the base 
stress and base strain is not particularly significant, it is convenient to use 
values that conform to general usage of the properties of the material under 
consideration. The base for allowable concrete stresses has traditionally 
been the ultimate strength of cylinders, and it would seem logical to use the 
same value in selecting a base stress for nondimensional curves for properties. 

Nondimensional stress-strain, tangent-modulus, and tangent-modulus sta- 
bility (buckling) cu:ves developed from the composite stress-strain curve 
of Fig. 5 are shown in Fig. 8a,b,c, assuming an ultimate deformation of 0.002 
at the ultimate of 4570 psi (0.0017 was the last recorded value). Reinforce- 
ment in each panel was centrally located, low in quantity for compression 
steel, and produced no transverse restraint in the sense of column ties or 
spirals, hence the use of the composite stress-strain curve of Fig. 5 as repre- 
sentative of the material of the panels. It should be noted, however, that in 
the case of lateral or transverse reinforcement that increases the ability of the 
concrete to deform plastically, FE, and stress-strain values should be taken 
from a compression test specimen representative of actual conditions of in- 
ternal restraint (see manner of analyzing tied and spiral columns in reference 
ab} 

For Fig. 8 the base value (B/t), was computed from base stress, initial tan- 
gent modulus, and k as shown below: 
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Fig. 8a—Nondimensional stress- 
strain curve from test cylinders 


Fig. 8b—Nondimensional tan- 
gent-modulus curve from test 
cylinders 


Fig. 8c—Nondimensional tan- 
gent-modulus instability curve 


; I 
64.3 for 
I 


: 74.5 for 


The ultimate unit load, adjusted for e/t equal to zero, for each test panel 
was divided by f’. and plotted against the value of B/t divided by the appro- 
priate (B/t), to obtain the points shown in solid black in Fig. 8c. 

For the purpose of considering the apparent lack of agreement between test 
results and the nondimensional stability curve developed from the cylinder 
properties as exhibited in Fig. 8c, divide the u!timate unit load by the tangent- 
modulus stress for a given B/t as follows: 

. E 
Prt (B/t)? 
Pru E, 
(B/t)? 
in which pry is the tangent-modulus value of stress for a B/t value corre- 
sponding to the ultimate unit load p,., EF is the tangent modulus of the 
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ultimate unit load vs. average unit strain curve for the most critical section 
(center), and E, is the tangent modulus corresponding to pry. 

It is apparent that, if the panel is uniformly loaded over the mid-height 
horizontal cross section, p,.. Will equal pry and the tangent modulus EF will 
be equal to the tangent modulus E, of the representative stress-strain curve. 
However, if pix is low, it is reasonable to conclude that certain vertical 
elements failed early due to unequal horizontal distribution of load. — If 
horizontal distribution is assumed to be low at the center and high at the outer 
extremities, it would be more likely that a redistribution would occur than if 
the distribution was high at the center and low on the outer vertical elements, 
due to the greater restraint against bending imposed upon the outer vertical 
elements by the knife-edge supports on the sides. However, in the case of a 
material limited to approximately 0.2 percent ultimate strain, only negligible 
redistribution could be expected when the center vertical element is over- 
loaded and only partial redistribution whenever the outer elements carry more 
than their due share. For either situation, E in the above equation must be 
less than #, at failure of the panel. 

Due to the cost involved in installation and recording of gages, the dis- 
tribution of strain across the horizontal center section was obtained only on 
the 15x 40 x 40-in. panel. Horizontal distributions of strain at the last 
load increment prior to failure and at one-half that load are shown in Fig. 9, 
in which the lack of uniformity of load distribution is evident, even though 
the loaded edges of the panel were carefully embedded in plaster of paris. 
Of all panels tested, the 1!o x 40 x 40-in. unit most closely approximated 
both uniform horizontal distribution and zero eccentricity of load, as is evident 
from the unit load vs. center strain curves and the close agreement between 
ultimate unit test load and that of the tangent-modulus stability curve. 
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Considering now, the unit load vs center strain curves shown in Fig. 10 


for the 40 x 40-in. panels, the values of EF as computed from a ©. may be 
PTM 

seen to be tangent to the unit load-average strain curves at a point close to 

the ultimate load for all panels having adequate strain information, thereby 

confirming the tangent-modulus theory. 


SUMMARY 


1. In the analysis of stability problems concerning thin-shelled structures, 
either the Rankine-Gordon type of empirical equation or the tangent-modulus 
instability curves may be used. 

2. Agreement between H. Lundgren’s empirical constant of 0.9 developed 
for the least load for cylindrical reinforced concrete shells and the correspond- 
ing value of 0.88 presented for square panels (7.e., for which the critical load 
is smallest), suggests that the equation 


p 


may be safely applied to other types of stability loadings, if the minimal 
expression for p., is used. 


3. Applicability to reinferced concrete of the Euler-Engesser-Shanley 


tangent-modulus theory of buckling action offers an extremely convenient 
method for extending short length compression tests to include the influence 
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Fig. 10—Average load-strain curves 
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of stability characteristics for columns, rectangular plates, arches, rings and 
shells. 

1. The extremely abrupt type of failure exhibited by the rectangular plate 
tests provide a warning for the use of ultra-conservative allowable unit stresses 
for reinforced concrete subjected to loadings under which stability may 
hecome a significant factor. 
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Disc. 49-20 


Discussion of a paper by George C. Ernst: 


Stability of Thin-Shelled Structures® 


By HERBERT A. SAWYER, JR., and AUTHOR 


By HERBERT A. SAWYER, JR.1 


The experimental results of this interesting paper further illustrate the 
often-forgotten fact that the tangent modulus equation for critical load on 
a perfect column is of little value for actual compression members, which 
are never perfect, even in the laboratory. True, the tangent modulus equation 
is of theoretical importance in expressing the upper limit of strength of a 
compression member as governed by instability. But the lower limit of 
strength of columns, especially those in the intermediate range, is primarily 
governed by the fiber strength of the material. For intermediate columns, 
the usual imperfections are important stress-raisers. For short columns or 
compression blocks, imperfections are less important as stress-raisers, and for 
long columns which fail primarily from instability, stress itself is not important. 


The importance of eccentricities from imperfections may be illustrated by 
consideration of the experimental results for the 40 x 40 x I-in. panel, which 
is probably somewhat typical. Eccentricities from imperfections in specimen 
fabrication or loading (such as warping from thermal or shrinkage strains or 
imperfect forms, eccentricity of reinforcing mesh within mortar, difference 
of properties of mortars of formed and exposed surfaces, and initial rotation 
of mounting channels with respect to the specimen) were, of course, impossible 
to evaluate. But if it is assumed that for these carefully conducted tests 
all such imperfections for this specimen should add up to an equivalent 
initial eccentricity of only 0.10 in., the total eccentricity at failure, including 
the measured deflection of 0.078 in., would be 0.178 in. This eccentricity 
would be sufficient to make the maximum fiber stress roughly twice P/A, 
the average stress, which would largely account for this panel’s being about 
half as strong as predicted by the tangent modulus theory, as shown in Fig. 
Sc. 


The Rankine-Gordon type equation, unlike the tangent modulus equation, 


does indicate column strength as limited by fiber strength, and, as the author 
states, has a rational basis in that it may be derived from the basic equation: 


P P(De)e 
A I 


*ACI Journa, Dec. 1952, Proc. V. 49, p. 277. Dise. 49-20 is a part of copyrighted JouRNAL Or THE AMERICAN 
Concrete Inatirute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 
tAssociate Professor of Civil Engineering, University of Connecticut, Storrs, Conn 


2929 -1 





292-2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1953 


from whence: 


where e is the initial eccentricity, and D, the factor by which e is increased 
by the buckling effect, is essentially a somewhat complex function of f’./p-,. 
Three major difficulties discourage the use of this equation in any precise 
manner for columns or panels: 
1. For materials such as concrete without a sharp knee to their stress-strain curve, 
the short column strength and the modulus of rupture may differ greatly, raising the 
question of what intermediate value of f to use in the equation. 


2. The difficulty of predicting e for construction conditions. 
de 


The equation loses some accuracy beyond the elastic range even if modulus- 
of-rupture concept is used. 

For eccentrically loaded columns, Shanley* used neither the tangent 
modulus equation nor an equation of the Rankine-Gordon type, but used 
experimentally determined interaction curves. The writer, in discussing the 
Shanley paper, showed that equations of the Rankine-Gordon type can furnish 
a theoretical basis for determining interaction curves, thereby potentially 
saving much experimental work. The writer has not attempted to extend this 
approach to flat panels in compression. In Fig. 7, the author shows that an 
empirically adjusted equation of the Rankine-Gordon type will fit his test 
results. He has thus furnished some further evidence that this type of theoreti- 
cal approach may prove fruitful, and also furnished some further evidence of 
the care with which these difficult tests were performed. 


AUTHOR'S CLOSURE 


Professor Sawyer correctly points out a fact that we frequently hesitate 
to admit, in that the conformation of tests to the assumptions of an ideal 
column (or other compression element) cannot be a realistic possibility when 
the fiber stress is a dominant factor in failure. He also quite properly shows 
that the effect of imperfections of all types results in an “equivalent initial 
eccentricity,” thereby producing a condition of combined bending and direct 
stress. 

Nevertheless, it is more desirable to use a simple equation based upon 
true basic principles than an empirical one. The general problem of inelastic 
buckling has been studied extensively and reported in Bulletin No. 3 of the 
University of Nebraska Engineering Experiment Station under the title 
“Inelastic Buckling of Plain and Reinforced Concrete Columns, Plates, and 
Shells.” 

In the bulletin, it is shown that the following tangent-modulus expression, 
when used in the Euler-Engesser formula, adequately represents the full 
range of inelastic buckling for plain or reinforced concrete with greater sim- 
plicity than does a totally empirical equation. 


*Shanley, F. R., “Applied Column Theory,” Transactions, American Society of Civil Engineers, V. 115, 
p. 695 
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Fig. A—Comparison of axial load tests on columns with approximate tangent-modulus buckling 
curve 


in which £, = tangent-modulus at stress f, f", ultimate average unit stress 
on the gross section of short length, and £ is the initial modulus. 

Fig. A provides a nondimensional plot using this equation in comparison 
with all available test data known to the author. The value f’. is equal to 
0.85f.’, as used in current column formulas. 

Fig. B shows a nondimensional plot using this same equation in com- 
parison with the test panel results, as well as with the Rankine-Gordon formula. 
As may be noted, the Rankine-Gordon formula can be made to fit test data 
which includes eccentricities from fabrication and loading. However, this 
does not mean that the Rankine-Gordon equation faithfully represents 
column action. It is the author’s opinion that the approximate tangent- 
modulus buckling curve is simpler and far more representative (and more 
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Fig. B—Comparison of panel test data with Rankine-Gordon and tangent-modulus buckling 
curves 


defensible in a technical sense) than any empirically fitted curve. The fact 
that great care must be taken in thin-shelled structures to assure close con- 


‘ 


formation to theoretical shape and a minimum “equivalent initial eccen- 
tricity’ does not rule out the tangent-modulus concept as more representative 
of true column action than an empirical equation dependent upon quantity 
testing for an adequate fit. After all, the only difference between the use of 


the double-modulus, the tangent-modulus, and combined bending and direct 


stress is in the load at which bending stresses are superposed upon the direct 


stress. 


Professor Sawyer is also correct in pointing out the inherent difficulties 
in attempting to use such an equation as ‘the Rankine-Gordon equation for 


“e 


eccentrically loaded columns. In fact, no “stress’’ equation alone can properly 


represent a loading condition that involves instability or buckling. 

In connection with this, it is quite feasible to use Von Karman’s method! * 
for eccentrically loaded columns in conjunction with the cosine deflection 
curve of variable wave length as developed by Westergaard and Osgood,’ 
to develop the interaction diagrams referred to by Professor Sawyer. Such 
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_—— 
. C—Interaction diagrams 


BASED ON STRESS STRAIN RELATIONSHIP FROM 
@xi2 CONCRETE CYLINDERS AN TANDAR Tee 
TENSION TESTS 


interaction diagrams are developed in the bulletin 


mentioned and are 
shown in Fig. C in comparison with eccentrically loaded column tests 
made at the University of Nebraska. In the case of the lower diagram, the 


idealized stress-strain curve of Hognestad* was used The task of applying 
the procedure to thin panels, ete., is far from insurmountable and does not 


depend upon tests of such units. 
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Title No. 49-21 


Early Freezing of Non-Air-Entraining Concrete* 


By DONALD C. McNEESEt 
SYNOPSIS 


The critical period when freshly placed concrete is damaged by freezing has 
not been definitely established. To obtain data on this subject, test cylinders 
were frozen at various intervals up to 6 hr after molding and at temperatures 
from 25 to —15 F. Cylinders molded at 72 F and subjected immediately 
to a freezing temperature of 15 F lost about 40 percent of their compressive 
strength. When given more time to set before freezing, the damage was less. 
There was practically no loss of strength when the cylinders set 6 hr before 
freezing at 15 F. Cylinders exposed to 5 F lost 50 percent of their strength 
when frozen immediately, and 15 percent when frozen after 6 hr. 

A more critical condition existed when concrete was mixed from cold ma- 
terials. Cylinders molded at 40 F lost 50 percent of their compressive strength 
when frozen at the mild temperature of 25 F. Concrete molded at 40 F and 
frozen immediately at 15 F lost 45 percent of its strength. A 50 percent 
loss of strength was about the maximum for any freezing condition. The 
length of time the concrete remained frozen or the temperature to which it 
was lowered once it was frozen through did not greatly affect the compressive 
strength. 


BASIS OF TESTS 


During the construction of an airbase in Alaska, the author first encount- 
ered the problem of what happens if freshly placed concrete is allowed to 
freeze. Conditions were similar to those of many other concrete-slab paving 
jobs. In the fall of the year, the maximum daily temperature was between 
40 and 50 F, dropping to a minimum of 25 to 30 F at night. In general, 
temperatures were not severe but did sometimes fall below freezing. The 
water and aggregate were cold, so that the temperature of concrete when 
placed was about 40 F. Opinions differed considerably as to results that 
might be expected when the concrete was exposed to freezing. 

With the increase of projects where construction is continued year-round, 
and the many construction projects in far northern regions, the problem of 
how construction may best be carried on during freezing weather has taken 
on special significance. Either construction costs are often increased from 
10 to 15 percent during winter to prevent damage from freezing, or costly 
delays are encountered. 

One of the most recent reports on this subject is “Recommended Practice 
for Winter Concreting Methods (ACI 604-48), by ACI Committee 604, 
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TABLE 1—GRADING OF AGGREGATE 


Sand, Screen Gravel, Screen 
percentage No. percentage No 
retained retained 
0.0 1\% in. 
1.7 a% in 
78.9 % in 
100.0 


Specific gravity 

Sand: 2.65 Gravel: 2.66 
Unit weights 

Sand: 110.0 lb Gravel: 108.5 lb 


in the Sept., 1948, ACI JournaL. That report summarizes construction 
methods and procedures necessary to prevent concrete from being damaged 
by freezing, and states that exact limits of the critical period during which 
concrete may be damaged by freezing are uncertain. ‘Thus, additional lab- 
oratory data to show just when concrete must be protected seems highly 
desirable. 

To obtain more definite information, the author made a study of the effect 
on compressive strength of freezing freshly placed concrete before it had taken a 
set or obtained any appreciable strength. Answers were sought to the follow- 
ing questions: (1) Under what conditions is freshly placed concrete damaged 
by freezing? (2) How much is it damaged when frozen at various intervals 
and temperatures? (3) Can concrete be frozen while plastic without damage 
to its final strength? 

MATERIALS AND PROCEDURES 

The aggregate used for these tests was a standard washed builder’s sand 
and gravel. Table | gives general specifications of the aggregate. A standard 
Type I portland cement was used. 

Proportions for the mix (Table 2) were taken from a general specification 


which the author had used in paving a runway. The same mix was used for all 


tests and a 3-in. slump was maintained. No air-entraining agents were used 
in these tests. The concrete contained about 0.95 percent air, an amount 
which could be expected in standard concrete. 

Concrete was mixed for 3 minutes in a Lancaster laboratory-type mixing 
machine; molds were of the heavy steel removable type, 6 x 12 in. in size. 
Cylinders were molded and rodded according to ASTM standards. They were 
capped with plaster of paris as it was not practicable to use neat cement while 
they were freezing, and tested for compression in a standard hydraulic-type 
machine. 

The freezing unit was a room about 10 ft square, equipped with a large 

TABLE 2—CONCRETE PROPORTIONS brine tank. Air in the room could be 
Cement _ 941b = 4.9 sacks per cu yd regulated within =2F down to about 
Sand. ... 270 Ib 0 F; the temperature in the brine 
—- Had tank down to —20 F, +1 F. The 
Water-cement ratio = 0.6 (6.76 gal. per sack) brine tank was used for freezing at 
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—15 F by placing the cylinders in a 7 x 9x 14-in. lightweight tank and 
immersing them in the brine. The other tests were frozen at the temperature 
of the room. 

Temperature of the concrete was taken by means of thermocouples im- 
bedded within the cylinders and read with a Brown potentiometer, which 
gave accurate and consistent readings. The resulting temperature curves 
amplified interpretation of data by showing the freezing condition within the 
cylinders. 

After removal from the freezing unit, cylinders remained in the molds 
for 24 hr at 72 F. Molds were then ren 

») 


curing room which was maintained at 7 


oved and the cylinders placed in a 


i 
F and 100 percent humidity. Since 


concrete gains strength slowly at low temperatures, the curing period did 
not include the time when the temperature of the concrete was below 50 F. 
The cylinders were tested for compressive strength at standard periods of 
3, 7 and 28 days. 

Standard cylinders were made on each test for comparison. These cylinders 
were cured under standard conditions and tested at the corresponding inter- 
vals as those frozen. 

TESTS PERFORMED 

Tests were performed to determine the effects of freezing concrete at various 
temperatures and times after placing at 72 F. Cylinders were frozen im- 
mediately after molding, 1, 3, and 6 hr after, and exposed to temperatures 
of 5, 15 and 25 F. Temperature of the concrete was 72 F when molded and 
it remained at that temperature until placed in the freezing unit. Upon re- 
moval from the freezer, cylinders were thawed at 72 F, were then cured under 
standard conditions and were tested at 3, 7 and 28 days. 

In the previously described tests, the concrete remained in the freezing 
unit for 72 hr. Another test was performed to determine just where in this 
freezing cycle the damage was being done. This was accomplished by re- 
moving cylinders from the freezing unit at various times. The cylinders were 
molded with the material at 72 F and immediately placed in the freezing 
unit, Which was at 5 F. After 2 hr, the temperature within the concrete 
had reached 32 F. At that time, some of the cylinders were removed. After 
the temperature within the cylinder had remained at freezing for 1, 2 and 2.5 
hours, other cylinders were removed. 

A third set of tests was made using concrete made from cold materials 
By cooling the aggregate, cement and water, the concrete had a temperature 
of 40 F when molded. This was frozen immediately after molding at tem- 
peratures of 25, 5 and —15 F. 

RESULTS OF TESTS 

Table 3 gives the relative results for freezing the concrete at various tem- 
peratures and intervals when molded at 72 F. Fig. 1 and 2 show compressive 
strengths for freezing at 5 F and 15 F and the corresponding temperature 
curves. ‘The temperature curves show the room temperatures in which the 
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TABLE 3—RELATIVE STRENGTH OF FROZEN CONCRETE CYLINDERS* 


Freezing Curing 


Relative percent strength when frozen at various 
temp., F time, days 


intervals after molding 

1 hr 3 hr | 6 hr 
5O 13 sl 
56 9] 
58 yA 83 
60 7 92 
75 OS 
71 ¢ 98 
or 


5 73 96 


*These were frozen at various temperatures and times. All were 


molded at 72 F and remained at that tem- 
perature until placed in the freezing unit 


concrete was being exposed, as well as temperatures within the cylinders. 

A review of these data indicates that the amount of damage in freezing 
varies with both time and temperature. Cylinders frozen immediately at 
5 F lost approximately 50 percent of their compressive strength. As the 
freezing temperature was raised, the corresponding damage became less. 
Also, as the cylinders were given more time to set before freezing, the amount 
of damage was less. These data also indicate that the concrete gained little 
relative strength as it cured. The percentage at 28 days was about the same 
as at the 3- and 7-day tests. 
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The temperature curve in Fig. 1 shows that cylinders molded at 72 F 
and placed in the unit at 5 F required 2 hr before the temperature within the 
cylinders was lowered to 32 F. It then took 2.25 hr for the eylinders to 
freeze through, that is, when the temperature within the cylinders dropped 
below 32 F. The results of removing the cylinders during this freezing cycle 
are shown in Table 4. Cylinders removed after having been in the freezing 
unit for 2 hr were not damaged. But as the freezing time was increased, 
the damage increased. The last cylinders removed had been in the freezing 
room for 4.5 hr and lost 40 percent of their compressive strength. The internal 


TABLE 4—STRENGTH OF CYLINDERS REMOVED DURING FREEZING CYCLE 


Time cylinders were Time temperature within Compressive Strength relative 
in freezing unit cylinders was at 32 Fk strength to standard cylinders, 
before removal,* hr before removal, hr at 7 days, psi percent 


Standard cylinders 2590 100 
0 2560 100 

2300 So 

1610 62 

1550 60 


*The freezing unit was set at 5 F. 
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TABLE 5—RELATIVE STRENGTH OF FROZEN CONCRETE CYLINDERS* 


Freezing Curing Strength relative to standard 
temp., F time, days cylinders, percent 


25 : 51 
53 


51 


44 


od 


*These were frozen at various temperatures immediately after molding at 40 F. 


temperature of these cylinders never got below 29 F but they lost nearly as 
much strength as those frozen at 5 F and remaining at that temperature for 
72 hr. Thus, apparently neither the length of time the concrete is frozen, 
nor the temperature to which it is afterwards subjected, has a great effect on 
loss of strength. 

Results of freezing concrete which was placed at a temperature of 40 F 
are shown in Table 5 and Fig. 3 and 4. Freezing the cold concrete at 25 F 
brought the startling result that 50 percent of the compressive strength was 
destroyed even at this mild temperature. This condition closely approxi- 
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mated that encountered in Alaska by the author, as well as being typical 
for many other field jobs. Since the temperatures are not severe, their im- 
portance might be overlooked. 

Freezing at 5 F gave similar results, with about 50 percent loss in strength. 
It was intended that the cylinders molded with cold materials and frozen at 
—15 F would give some indication as to the possibility of freezing concrete 
while plastic. When thawed at 72 F, the cylinders became plastic before 
setting up. Treated in this manner, they still lost 45 percent of their strength. 


RELIABILITY OF TESTS 


The data included in the tables and graphs were compiled from the results 
of ten different tests. Each condition tested was checked by at least two 
different sets of data. Also, within each test, the different values checked 
each other for consistency. Results of the different tests were comparable 
and all of the data were consistent with each other. 


CONCLUSIONS 


The following conclusions are obtained from these data: 
1. A definite relation holds between loss of compressive strength due to 
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freezing and (a) the time it is frozen after being placed and (b) the tempera- 
ture at which it is frozen. 

2. Loss of strength varies up to 50 percent of the standard, which tends 
to be the maximum loss for freezing in this manner. 

3. If the concrete is placed at 75 F, it must be subjected to severe freezing 
within about 6 hr for any appreciable damage. 

1. If it is placed at 40 F, even @ mild freezing temperature of 25 F may 
destroy 50 percent of its strength. 

5. Once the concrete is frozen through, neither the temperature to which 
it is reduced, nor the length of time it is subjected to freezing temperature 


greatly affect its strength. 


6. If frozen while plastic and then thawed at 75 F, concrete still will lose 
about 45 percent of its strength. 
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Title No. 49-22 


Determining Cable Profiles for Prestressed 
Concrete Beams» 


By ELIHU GEERT 


SYNOPSIS 


A method is presented for constructing a diagram for determining satis- 
factory cable profiles for prest ressed concrete beams in which compressi\ e stress 
is critical at only the section of maximum moment. A second method is pre- 
sented for satisfying all conditions imposed by permissible stress, tensile and 
compressive, in a beam of varying depth and in a continuous beam. 


NOTATION{ 


A; area of concrete section. 
eccentricity of cable from centroid of concrete section. 
effective prestress force after deduction of all losses. 
initial prestress force. 
permissible tensile stress in concrete 
bending moment due to dead load. 
bending moment due to dead load present when beam is prestressed. 
bending moment due to live load. 
bending moment due to additional dead load superimposed upon beam which has 
been prestressed. 
bending moment due to secondary forces (the effect of distortion of a continuous 
beam caused by prestress) 
radius of gyration of concrete section. 
distance from bottom of beam to centroid of concrete section. 


distance from top of beam to centroid of concrete section 


FIRST METHOD 


After the designer of a prestressed concrete beam has selected main con- 
crete section, cables, and amount of prestress based upon conditions at point 
of maximum moment, he must determine profiles for the cables so that tensile 
and compressive stresses will be within permissible stresses at all sections 
of the beam under all conditions. In case compressive stress is critical at only 
the section of maximum moment, as when the section of a simple beam is 
constant over its entire length, one simple diagram can be drawn showing 
the limiting values of eccentricity. The centroid of all cables must lie with- 
in these limits, although individual cables are not restricted thereto. 
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Basis for the limits is the condition that tensile stress in top and in bottom 
extreme fibers shall not exceed the permissible tensile stress for concrete. 
This condition is fulfilled if the following inequalities are satisfied: 

VG ‘ie lon Khe X 

a ur X F; 

a4 + RAO 
F Yb yo X F 


ec 


If tension be prohibited, that is if f,, = 0, these inequalities become simply: 
Va : 
es — +4 a ‘ (la) 
F; Yt 
" Mp T Mr, r? 


ec< : : (2a) 
f UD 


In case there is a moment VM’, or M’s of sign opposite to that of Mg, Ineq. 1 
becomes: 
W'p 
-s— 4 ™ _.. (1b) 
F; 


(le) 


Fig. 1 (left)—Cable profile for a 
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Because of the difference in sign, the first term of Ineq. 1b and that of Ineq. 
le are smaller than the first term of Ineq. 1. Again the last term of Ineq. Ib 
and that of Ineq. le drop out if fr, = 0. 

For determination of satisfactory cable profiles, an elevation of the beam 
(or half beam if symmetrical) is drawn, and lines are drawn representing the 
values of e when it is equal to the right side of the respective inequality. The 
cable must lie within the limits thus constructed. Fig. 1-3 illustrate the 
above method in numerical problems. ‘Typical profiles are shown, but the 
designer is free to adopt any other profile within the limits. It is seen that the 
designer can use such a diagram to select a cable which will meet such self- 
imposed requirements as: 

(1) that the cable be straight except for one or two bends, 

(2) that the cables lie in one or two parabolas, 

(3) that the cables be brought into end bearing plates at two or more 
levels to minimize moment in the bearing plates and tension in the end blocks, 
or 

(4) that maximum advantage be taken of the vertical component of pre- 
stress to reduce shear and diagonal tension either by a maximum reduction 
at the end or by some reduction over much of the span. 


SECOND METHOD 
In the case of a beam of varying depth or of a continuous beam, it is nec- 
essary to establish the cable profile with regard to permissible compressive 
as well as tensile stress. For this purpose use is made of Magnel’s diagrams* 
in which all of the allowable combinations of Ff; and e lie within the quad- 
rilateral formed by graphing the four equations which express the stress 
conditions. One additional limitation is here imposed in that only those 


*Magnel, Gustave, Prestressed Concrete, 2nd Edition, Concrete Publications, Ltd., London, 1950 
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Fig. 4—Limits on e due to four stress conditions and a known A..F; for continuous beam 


values of e are permissible which are included within the quadrilateral along 
the line representing the F; actually used. This is illustrated in Fig. 4, which 
has been drawn for a numerical problem. The limiting values of e determined 
in Fig. 4 have been plotted on an elevation of the same beam in Fig. 5. The 
resulting diagram serves the same purposes as those in Fig. 1-3. 


Secondary moments in a continuous beam are quite sensitive to changes 
in cable profile. It may be found advantageous to make a tentative selection 
of that profile which produces a desired reduction of moment or shear. After 
secondary moments have been determined, stresses should be checked against 
those permissible, as secondary moments may have produced an excess. If 
it is thought that a quick check will suffice, secondary moments may be in- 
corporated into a diagram similar to those in Fig. 1-3, and minor adjustments 
made therefrom. For this purpose, it is necessary to add the terms: 


M’>/F; to the right side of Ineq. 1 if the secondary moment is of sign opposite 
to that of W¢, or to add the term: 


M,2/F to the right side of Ineq. 2 if Mz is of the same sign as Wg. Algebraic 
addition is used. 
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Fig. 5—Cable profile for continuous beam 
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Method for Preparing SR-4 Strain Gages for 
Embedment in Concrete’ 


By EDWARD C. THOMA? and ROBERT E. SCHNEEBELIT 
SYNOPSIS 


It has long been appreciated that analysis of concrete structures might be 
improved if a suitable means could be established for determining’ the be- 
havior in the interior of a concrete mass. The very nature of its manufacture 
produces a heterogenous material, thereby invalidating the assumption of 
homogeniety which can be applied with reasonable truth in developing theo- 
retical analysis of most engineering materials. Aggregate distribution within 
the mass, gradation, maximum particle size, and other variables influence the 
behavior of a concrete structure. 

This paper presents 4 procedure lor preparing and installing the SR-4 wire 
resistance strain gage within a concrete mass for the purpose of determining 
the behavior in the interior. Controlled laboratory studies of the gage unit 
itself, as well as gage units embedded in mortar and concrete, are reported 
to establish the reliability of the prepared SR-4 gage. In addition, preliminary 
studies of a field application, namely a highway slab installation, are included 
since they further establish the practicality and long-range reliability of the 
gage under severe test conditions. 


INTRODUCTION 


The problem of investigating internal behavior of a concrete mass has 
been of special interest to researchers during the past decade. The immediate 
difficulty—and the answer to the over-all problem—was the development 
of a measuring device. Since 1947 one of the authors has concentrated on 
finding some method to waterproof the SR-4 gage. Such methods as sealing 
in a metallic envelope, encasing in waterproof wax, and coating with silicone 
had been tried without permanent success. Invariably the waterproofing 
agent failed when concrete specimens were subjected to extensive load tests. 

In 1951 the authors encased the gages in a thermosetting plastic; per- 
formance of both laboratory and field placed gages protected in such a manner 
has been outstanding. The gages have exhibited for all practical purposes 
an infinite resistance to ground (in excess to 1000 megohms as measured 
with an RCA volt-ohm-milliammeter) after immersion in an agitated water 
bath for 18 months and embedded in a pavement slab subjected to heavy 
vehicular traffic for 13 months. 
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Failure of highway pavement slabs under traffic loads has been a serious 
problem, particularly since the early days of World War II. Because of 
numerous pavement failures, the Board of the Joint Highway Research 
Project at Purdue University suggested that a test section might be estab- 


lished at several new highway locations in the state to study the stability 


of the prepared SR-4 gages in field conditions. The employment of SR-4 
gages in highway research was not a new idea. The Maryland Test Road in- 
corporated SR-4 gages in its test procedures; however, since these gages 
were placed on the surface, considerable care was required to preserve the 
gages as well as to limit the traffic to test vehicles. Since the SR-4 gages on 
the Indiana test sections were embedded in the pavement, the highway was 
open to all traffic. 

Test data on the highway pavement is limited at this writing; however, 
the authors feel that a sufficient amount of field data has been secured to 
establish the practicability of the gage for studying the internal behavior 
of concrete structures. 


PROCEDURE FOR GAGE PREPARATION 


When the SR-4 strain gage is embedded in fresh concrete, the first con- 
sideration must be the waterproofing of the gage since any trace of moisture 
will ground the gage and render it useless. The waterproofing agent must be 
durable if the gage installation is to have a reasonable life. In addition, the 
gage must have stiffness to assure that the rigorous handling that occurs 
when embedding the gage does not result in misalignment or damage to the 
wire grid. 

Since the primary function of the gage is to measure strains within the 
concrete mass, it is desirable that the waterproofing agent have a modulus of 
elasticity E equal to that of concrete. It is difficult to obtain materials with 
identical moduli and still meet the necessary requirement of adequately 
waterproofing the SR-4 gage. It becomes necessary, therefore, to analyze 
the influence of different moduli upon the strains induced in the concrete. 

Let us assume that a waterproofing material is chosen whose E is one- 
tenth that of concrete. If individual specimens of identical size and shape 
are subjected to load, it becomes apparent that equal strains will exist only 
when the load is maintained at a 1 to 10 ratio (P,/A,E, = P./A.E,.; where 
subscripts k and ¢ identify the waterproofing agent and the concrete). The 
above relation of equal strain can be maintained for different size specimens 
if the ratio of areas is also 1 to 10. It now becomes apparent that if the gage 
unit is very small in comparison to the mass of the concrete, the unit will 
offer little resistance to deformation. Therefore, the gage unit will not alter 
* The fact that the two materials deform 
identically gives the added advantages of eliminating calibration prior to em- 
bedment and the application of correction factors when analyzing test data. 


the behavior of the concrete mass. 


*The integral action of the gage with the concrete was further proved when fractured specimens were inspected. 
All gages examined were tightly embedded in the concrete. 
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The waterproofing agent selected after numerous tests was a thermo- 
setting allyl-ester monomer manufactured by B. F. Goodrich Co. under the 
trade name Kriston. Kriston proved to be an excellent water resistant ma- 
terial as well as strong and durable and possessing an E of approximately 
500,000 psi. Its transparency permitted the added advantage of affording 
the opportunity to check gage alignment after casting the gage blank. 
Preparing the gage 

The SR-4 strain gage, Type A-1, was trimmed to remove excess paper 
backing. After trimming, fine wire positioners were cemented to the gage 
with Duco household cement as shown in Fig. 1. The wire positioners sus- 
pended the gage between glass molding plates, thereby assuring that an 
adequate plastic overcoat enclosed the entire gage as well as providing a 
means to maintain gage alignment. Prior to placing the prepared gage in a 
suitable mold, waterproofed circuit lead wires of a desirable length were 
soldered to the copper leads of the SR-4 wire grid. 

The mold for casting consisted of 44 x 1% in. Lucite of Plexiglas spacer 
strips and 2 x 4 in. double-strength glass plates. Edges of the spacers were 
coated lightly with Duco cement to prevent leakage. After the cement 
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Fig. 1—Preparation of SR-4 strain gage for casting in Kriston 
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Fig. 2—Mold and assembly jig for casting plastic 
had set, the gage was inserted between the glass plates and the mold clamped 
into the frame as shown in Fig. 2. The entire assembly was then placed in a 
controlled temperature oven and preheated to 75 C. 


Preparation of the plastic 
A volume of monomer sufficient to fill the mold was weighed carefully and 
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heated to 75 C. When this temperature was reached a fixed amount (2 
percent by weight) of catalyst, benzoyl peroxide, was dissolved in the monomer. 
The temperature of 75 C was maintained by placing the mixing vessel in a 
water bath. 


Casting the gage in the plastic overcoat 

After the monomer was prepared, the mold assemblies were removed one 
at a time, filled, and immediately replaced in the oven. The monomer re- 
quired approximately 45 minutes to reach a jelly-like state. This was checked 
by rotating the mold after the monomer had been touched with a blunt in- 
strument to insure that a jellification had begun. If the plastic mold failed 
to hold its shape when rotated, additional heating was necessary. (The time 
lapse between the beginning of jellification and the state where the set has 
progressed too far is fairly short (about 5 minutes), therefore, this timing 
must be observed carefully.) 

When the Kriston had jelled properly, the assemblies were withdrawn 
from the oven and the clamps and spacers removed. Since the glass plates 
were not removed at this time, great care had to be exercised to prevent the 
gage alignment from being destroyed. A knife blade was used with caution 
to separate the spacers from the glass. 

After the spacers were removed, the assemblies were replaced in the oven 
and the plastic cured at a temperature of 85 C for 16 to 20 hr* depending 
upon the thickness. At the end of the curing period the glass plates were 
separated from the casting, the oven turned off, and the plastic allowed to 
cool to room temperature (which required about 4 hr). 

The edges exposed to the air upon removal of the spacers will not poly- 
merize. Therefore, the final step consisted of removing the soft edges with 
acetone as well as cleaning the entire gage with this fluid to remove the tacky 
surfaces. The gage was ready then for use. 


TESTS FOR GAGE ACCURACY 


To determine if the heat or fluid plastic had affected gage accuracy, gages 
were cast in cylindrical Kriston units and tested in compression. Data were 
obtained from both the embedded SR-4 gage and Huggenberger tensometers 
attached to the surface of the cylindrical castings. The stress-strain relation 
secured from these compression tests is shown in Fig. 3.7 It is evident from 
the parallel data that the casting procedure did not change the measuring 
properties of the embedded SR-4 gage. 

Additional tests were performed to study gage behavior in mortar cylin- 


ders (2 x 4 in.) and in concrete cylinders (6 x 12 in.). Six mortar cylinders 


were prepared with a mix ratio of one part cement to three parts of sand and 
a water-cement ratio of 0.6 by weight. <A typical stress-strain relation for 


*Curing times are: 3/16-in. plates, 16 hr; 44-in. plates, 1S hr 

TStress-strain data was not secured beyond the stress of 910 psi because the strain accompanying that stress is 
approximately equal to the strain in concretes when stressed to 4000-7000 psi This stress range far exceeds the 
allowable working stresses for ¢ rete. (Compression tests to complete failure on specimens, having a height- 
diameter ratio of 3, show Krister have a compressive strength of 10,500 psi An A/d of 2 gives 15,000 psi and 
an A/d of 1 gives 21,000 psi 
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these mortars is shown in Fig. 4a. It will be noted that identical curves were 
obtained by both the embedded SR-4 gage and an externally attached com- 
pressometer. 

A total of twelve 6 x 12-in. cylinders were manufactured to determine 
the accuracy and stability of the gage units when embedded in a concrete 
mixture. Three different mixes were used and four cylinders were manu- 
factured at each mixing, three for analysis and one for the purpose of tem- 
perature compensation. Mixes were based upon cement contents of 4.5, 5, 
and 6 bags per cu yd. Respective mixes by volume were 1:2.8:4.3, 1:2.4:3.6, 
and 1:2.1:2.8. Consistencies were selected to give 28-day strengths of approxi- 
mately 3500, 4300, and 5000 psi. The concrete cylinders were tested many 
times and between tests kept immersed in water or in moist closets. Cylin- 
ders tested and stored in the above manner showed no ill effect at the end of 
eight months to the SR-4 PAYS encased in the Kriston overcoat. 

Fig. 4b presents typical data for cylinders manufactured from the 6 bags 
per cu yd mix when tested at an age of six months. These particular cylinders 
were fractured at this time to check gage alignment. The strengths recorded 
were 7100, 6700, and 6850 psi for specimens 4K5D, 3K4D, and 2K4D, re- 
spectively. The other cylinders were kept under moist storage for eight 
months and then tested to check gage alignment. It will be noted that the 
data as measured with the SR-4 shows slightly smaller moduli of elasticity 
values for all three cylinders. This phenomenon was typical for all eylinders 
analyzed. Apparently the deviation is caused by the influence of coarse 
aggregate particles since the mortar cylinders showed a perfect agreement 


between internal and surface strains. Typical data for a lower strength 
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Fig. 3—Comparison of internal strain as measured with embedded SR-4 strain gage to surface 
strain in a Kriston cylinder 





SR-4 STRAIN GAGES 





16 
Fig. 4a—Comparison of internal 
and external strains in mortar 


Legend 
SR-4 
Compressometer o 


concrete is shown in Fig. 4e. 


‘ 
nN 


This data represents the re- 


100 psi 


sults for the 5 bags per cu 


5 


vd mix at an age of seven 
Specimen dato 
Portland Cement 
Mortor 
Mix: 1-3 
W/C: 0.60 by wt 
2"x4"cylinder J 
Curing: Moist at 70°F 
Age at test: 7days 


days 


INSTALLATION OF GAGES 
IN HIGHWAY PAVEMENTS 


Compressive Stress 


Field installations in 
pavement slabs were made 
during the construction of 
by-passes at NKentland (US 
1] and Indianapolis SR- 2 
100), Ind., through the A 

a 
t 








é | | 
0 200 300 400 300 600 700 
Strain, micro in./in 


eourtesy and encourage- re) 





ment of the Joint Highway 
Research Project at Purdue 
University and the Indiana State Highway Commission Although data from 
these installations are limited, it is felt that readers would be interested in 
the method followed in preparing the field installations as well as some ty pical 
data secured under vehicular loads. 

Gages were prepared as described previously. The lead wires were 30- 
to 40-ft lengths of a No. 14 gage plastic coated* wire suitable for underground 
cable. Ends of wires were protected against moisture by dipping into a hot 
bituminous material. 

The first step in installing gage units was to dig holes in the subgrade just 
outside the forms in line with the several lines of gage locations. In some 
instances as many as eight gages were collected at one point on the edge of 
the pavement. After the first course of concrete had been spread and the 
mesh reinforcement placed, the gages were pushed under the forms and 
through the concrete at the prepared holes and carried to their approximate 


location. About 1 ft of lead wire was allowed as slack for final positioning 


of the gage at each location. Gage and lead wires were pressed into the 
fresh concrete and at 2- to 3-ft intervals the lead wires were tied to mesh 
reinforcement to prevent damage when the second course of concrete was 
spread. Wire lengths outside the form were coiled tightly, placed in large 
tin cans, and buried well below the subgrade to prevent damage during sub- 
sequent grading operations. 

After final finishing operation on the slab, each gage was dug up (disturbing 
~ *Wire of several manufacturers has been used. All are described as thermoplastic coated, oil and moisture 


resistant grade, Type TW, 600 volts. The trade names of wire used successfully include Anaconda ‘‘Densheath 
and Paranite Wire and Cable ‘ Parasyn." 
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Fig. 46—Stress-strain diagrams for concrete comparing externally and internally measured strains 


as little of the surrounding concrete as possible) and positioned. The dis- 
turbed spot was refinished by hand. Gages were placed on edge or flat and 
oriented longitudinally or transversely with respect to the direction of traffic. 

The installation was completed only after final grading, seeding and sodding. 
Lead wires were recovered from along the slab, cleaned, taped together, 
and pulled through a conduit. The conduit was filled with a bituminous 
material and buried to prevent damage if traffic traveled on the shoulder. 
A terminal box was placed at the end of the conduit to facilitate connection 
of recording devices. 


DATA ON BEHAVIOR OF PAVEMENT SLABS 


The results presented herewith are limited to data secured at the US-41 
field installation near Kentland, Ind. 


Gage placement 

The location and direction of placement of gages may be seen in Fig. 5. 
It will be noted that gages were placed with their axis parallel or transverse 
to the direction of traffic. The individual gage units were located 1! in. 
below the slab surface. 
Loading control 

A test truck owned by the Indiana State Highway Commission was used 
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to establish a calibration loading at the test site. The axle loads and wheel 
spacings have been superimposed on the gage placement diagram in Fig. 5 
Recording devices 

A Brush strain analyzer with attached double channel magnetic oscillo- 
graph was used to record differential resistance change in the SR-4 gages 
directly to strain in microinches per inch. The magnetic oscillograph traced 
a permanent strain record on ruled chart paper. Three oscillograph tape 
speeds facilitated the securing of strain records over a truck speed range of 
0-50 mph. 

Results of tests 

Typical strain patterns for the test vehicle and the usual highway cargo 

varrier trailer-truck are illustrated in Fig. 6a and 6b. Each strain pattern 
aiiuinai the passage over one gage unit. 

Strain versus vehicular speed relations observed with the test truck are 
shown in Fig. 8. Since the strain at any one instant is dependent upon the 
vehicle position with relation to the gage, the strain-speed diagrams are 
qualified further by reference to Fig. 7, showing wheel positions relative to 
the gage unit. 

CONCLUSIONS 

With reference to waterproofing of the SR-4 strain gage it may be con- 

cluded that: 22 T T 
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Fig. 5—Gage locations and wheel pattern of control vehicle 

















Fig. 6a—Typical strain patterns 
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Fig. 6b—Typical strain patterns 
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Limit Analysis of Voussoir (Segmental) and 
Concrete Arches® 


By ANTHONY KOOHARIANT 


SYNOPSIS 


The voussoir arch is composed of many individual sections fitted one upon 
another to form an arch. The strength of these arches depends primarily on 
distribution of dead load and depth of the voussoirs. 

Analysis and design problems associated with the voussoir arch are essenti- 
ally the same as those of the unreinforced concrete arch. This structure may be 
analyzed by either the usual standard analysis or by limit analysis. This paper 
describes and studies both methods of analysis, with emphasis on the ad- 
vantages of limit analysis to this type structure. 


INTRODUCTION 


An old and interesting structure which may still be seen in service today 
is the voussoir arch. This structure is composed of many individual sections, 
called voussoirs, which are simply fitted one upon another to form an arch. 
The strength of these arches, some of which have survived since early Roman 
times, depends primarily on distribution of dead load and on depth of the 
voussoirs. 

This structure may be analyzed either by the usual standard analysis or 
by the much newer limit analysis. Analysis and design problems associated 
with the voussoir arch are essentially the same as those of the unreinforced 
concrete arch. 


It will be worthwhile to build up the underlying theory of the voussoir arch 
before describing the standard method of analysis. The most important 
feature of the arch is that although it can take large compressive stresses, 
it cannot take any tensile stress (at its joints). This assumption is made 
even when the joints are filled by mortar. 


Suppose, then, that the arch and its loading are known. In the analysis 
of such a problem, the most important factor will be where the normal, com- 
pressive force acts on each voussoir. In Fig. 1, this force N is shown acting 
at various positions along a voussoir. Under the assumption of linear dis- 
tribution of stress, Fig. 1 also indicates the various stress distributions cor- 
responding to different positions of N. 


*Received by the Institute May 29, 1952. Title No. 49-24 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Instirute, VY. 24, No. 4, Dec. 1952, Proceedings V. 49. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Apr. 1, 1953. Address 18263 W. MecNichols 
Rd., Detroit 19, Mich. 

+Graduate Div. of Applied Mechanics, Brown University, Providence, R. I 
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Fig. 1—Force N acting at various positions along a voussoir 


Any of the first three positions are certainly safe. When N acts at the third 
point, however, as in sketch 3, a limiting condition is reached by the stress 
distribution. If N acts beyond this third point, as it does in sketch 4, there 
theoretically would be tensile stresses set up in the area of the voussoir which 
in sketch 4 shows no stresses at all. This initial introduction of tensile stresses, 
which the joint cannot carry, forms the basis of the conservative middle-third 
rule. This rule requires the normal force to act within the middle third of the 
voussoir for the loading to be considered safe. 

That sketch 4 is safe, and further, that the normal force acting anywhere 
on the voussoir will not produce collapse are conclusions also justified by 
results of a careful series of experiments on the analysis and design of a voussoir 
arch by A. J. Sutton Pippard and L. Chitty under the auspices of the Building 
Research Board in the Department of Civil Engineering, Imperial College of 
Science and Technology, London, England.* 

The real test as to whether the loading will cause collapse is whether the 
normal force acts on the voussoir or not. When, as in sketch 6, N tries to 
act beyond the edge of the voussoir, this condition is equivalent to N acting 
at the edge plus a moment about the edge. Consider the two adjacent vous- 
soirs at such a joint. The two adjacent sides are pulling away from each 


* A Study of the Voussoir Arch,’ National Building Studies, Research Paper No. 11 
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Fig. 2—When N acts beyond the edge of the voussoir, the condition is equivalent to N acting 
at the edge plus a moment about the edge. The two adjacent sides of two voussoirs at such a 
joint are pulling away from each other at every point except the upper edges 
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other at every point except the upper edges (Fig. 2). Since the tensile stresses 
necessary to keep these two voussoirs together cannot be carried by the joint, 
the two voussoirs will pull away from each other by rotating about the upper 
edge. It is this forming of a “hinge” in the arch against which the arch 
must be designed. Allowable loads are always some fraction of the load 
required to produce collapse. As N tends toward the edge of the voussoir a 
large concentration of compressive stress is built up, which sometimes causes 


failure by crushing or spalling. This is essentially a different and independent 


type of failure, and as such is not considered in the following analyses. 


DESIGN ANALYSIS METHODS 


With this theory in mind, the usual graphical analysis of a voussoir arch 
is easy to understand. Suppose the problem is to ascertain whether a certain 
loading acting on a voussoir arch will produce collapse or not. For the sake of 
simplicity, let the loading be a single concentrated force. The procedure is 
to construct a funicular polygon using the weights of the voussoirs and the 
given loading (Fig. 3). This polygon is a possible line of thrust for the arch. 











= 


Fig. 3—Graphical analysis of voussoir arch 
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If the pole point O can be so chosen that the resulting line of thrust lies every- 
where within the arch, then the loading will not cause collapse. But the 
proper choice of a pole point (it is arbitrarily chosen) is exactly what con- 
stitutes the major source of difficulty with this method of analysis. For 
example, suppose the loading will cause collapse. Although all the different 
lines of thrust that the analyst cares to draw will fall outside the structure, 
he can not state with full certainty that the loading is unsafe, for there may 
be a pole point he has overlooked which will give a line of thrust lying within 
the arch. 

An associated analysis problem involving a higher degree of complexity 
is that of determining the maximum load which a known arch can support. 
It is clear that the thrust line type of analysis will generally not yield the true 
maximum loading which the structure is capable of supporting, nor further- 
more, will it indicate how much below the real maximum its loading is. 

Limit analysis will yield such information. The concept of limit analysis 
is perhaps best understood by a comparison with the better known elastic 
analysis.* Suppose an elastic analysis is to be made of a uniform, simply 
supported beam acted upon by a single, concentrated force. Suppose further, 


that the stress-strain curve for the beam is as pictured in Fig. 4. Maximum 


moment occurs directly beneath the load; it is also at this point, in the ex- 
treme fibers of the beam, that maximum bending stress occurs. On the basis 
of an elastic analysis, load P would be safe if Smaz = S, (the yield stress). 
But what would happen if the yield value of stress here just reached in the 
extreme fiber and some small additional load were added to P? 


*For a discussion of the rather complicated elastic analysis of a voussoir arch, see “A Study of the Voussoir 
Arch,” National Building Studies, Research Paper No. 11, Imperial College of Science and Technology, London, 
England. 
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Fig. 5—Stress distribution at the 
critical cross section of the beam 
in Fig. 4 


Sy Sy Sy 


Neglecting any effects of strain hardening (which is a safe procedure), 
the effect of additional load will be simply to stress adjoining fibers also to the 
yield value of stress. The structure, therefore, can continue to take addi- 
tional loads until all the fibers in the critical cross section have been stressed 
to the yield value (Fig. 5). Since no further increase in P is possible, the 
effect will be just as if a hinge were placed in the structure beneath the load. 
With this plastic hinge, the simply supported beam will become a mechanism 
and collapse (Fig. 6). The load which is just large enough to cause such 
collapse is the limit load. This then is the basic idea behind limit design; 
that is, it is a design based upon a calculation of the loading which will actually 
produce collapse of the structure. Allowable loading, naturally, is always 
some fraction of this collapse loading. 


LIMIT ANALYSIS 


There are two fundamental theorems underlying limit analysis and design. * 
The first theorem is concerned with determination of safe loadings. It states 
that collapse will not occur if at each stage of loading, a safe, statically ad- 


“a safe, statically admissible 


missible state can be found. The meaning of 
state’? may be illustrated by pointing out that the first method of analysis 
of the voussoir arch is actually an application of the principle of this theorem. 
The primary aim of the method was to find “fa” line of thrust, not neces- 
sarily “the’’ line of thrust, which would lie entirely within the structure and, 
thereby, indicate a safe state of loading. In the terminology of the theorem, 
“any safe, statically admissible” line of thrust will indicate a safe loading. 
“Safe” simply means that collapse will not occur, and a “statically admissible” 
line of thrust is any one lying within the arch which is consistent with the 
laws of statics but otherwise is arbitrary. Each choice of a pole point in the 
funicular polygon construction results in arbitrary, but statically consistent 
” ©Phese theorems were proved for beams of ideally plastic material by Greeuberg and Prager (Separate Ne. 50 
ASCE Proc. V. 77, Feb. 1951" and for more general problems and yield conditions by Drucker, Greenberg and 
Prager (Quarterly of Applied Mathematics, V.9 No. 4, 1952; and Journal of Applied Mechanics, V. 18, Trar 


V. 73, 1951, pp. A371-37S rhe theorems have been applied to arches of perfectly plastic material by I 
and W. Prager, ‘Limit Analysis of Arches,’’ Brown University Report All-69 to Office of Naval Research 
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thrust and support reactions. The determination of the real line of thrust 
of a voussoir arch is by no means a trivial problem.* 


Hence by applying the first limit theorem, a safe or lower bound value of 
loading for a structure can be determined. In addition to ascertaining that a 
given value of loading is safe, it would be extremely advantageous to know, 


within limits, exactly how safe it is; that is, to determine an upper bound 
value of the collapse load. The second of the two fundamental theorems 
is concerned precisely with values of loading which will produce collapse. 
It states that collapse will occur (or will have occurred previously) if a kine- 
matically admissible collapse state can be found. A structure reaches the 
“collapse state’? when a sufficient number of plastic hinges form in the struc- 
ture so as to reduce it toa mechanism. A “kinematically admissible” collapse 
state is one characterized by the condition that in a virtual displacement 
of the mechanism, the work done by the external loads must be at least as 
large as that done by the internal forces. 

The basic meaning of this theorem can be illustrated by a simple example. 
Consider the problem of a uniform, doubly-symmetric beam fixed at both 
ends and subject to a single concentrated load at a third point. Suppose the 
magnitude of load required to produce collapse is desired. Before a plastic 
hinge can form at any cross section in this structure, all the fibers at that 
section must be stressed to the yield value. The moment value at a cross 
section where fibers are so stressed is termed the limit moment. For the type 
of beam under consideration, the limit moment will be constant throughout 
the beam. 

The number of plastic hinges necessary to reduce this indeterminate struc- 
ture to a mechanism is three. Although it is true that the structure will 
collapse no matter where these three hinges are placed, the closer the hinges 
are positioned to where they would actually form in a real collapse of the 
structure, the closer the caleulated collapse load will be to the actual value. 
The actual collapse load, of course, is the smallest of all possible collapse 
loads. If the hinges are not positioned exactly right, the resulting value of 
load will, nevertheless, be an upper bound on the collapse load which is cer- 
tainly a significant result in itself. 

In the problem under consideration, the correct position of the hinges 
is obvious and is shown in Fig. 7. In the virtual displacement, also shown 
in Fig. 7, the work of the external loads is P6 (neglecting the weight of the 
beam), and that of internal forces (the sumt of the products of the limit 
moment at a hinge and the relative angle of rotation) is 2.7, (a + B). For 
the load P to be a collapse load, it must satisfy the relationship 

P5 = 2 Mo (a + B) 2Mo6 (. ne + “ ) 

2L/3 L/3 
9M > 
os 


Pe 


* A Study of the Voussoir Arch,”’ National Building Studies, Research Paper No. 11, Imperial College of Science 
and Technology, London, England. : 
+The work of the internal forces is entirely dissipated energy and hence all positive 
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Fig. 7—Location of plastic hinges and virtual displacement of a uniform, doubly-symmetric 
beam fixed at both ends and subject to a single concentrated load at a third point 


The value 9.17,/L is actually that of the real collapse load because of the 
correct positioning of the plastic hinges. 


For the simple problem just considered, it was not worthwhile to demon- 


strate how both limit theorems can be applied to a problem simultaneously 


and the great advantages that accrue from such a procedure. Before apply- 
ing this combined procedure to analysis of the voussoir arch, it is important 
to point out, as the problem of the built-in beam indicated, that many analysis 
problems can be handled adequately simply by resorting to the use of one or 
the other of the limit theorems. Except for the simpler problems, however, 
repeated or successive applications of a theorem would have to be made. 


As a further illustration, the problem of determining the maximum value 
of a single concentrated load which a given voussoir arch can support will 
be considered by using the ‘upper bound” theorem only. 


First, the mechanics of failure of the voussoir arch must be considered. 
How a “hinge” forms in the arch has been described above. The number of 
hinges required to transform the arch into a mechanism will be seen to be four. 
The hinges may form on the inner or outer rings of the arch; the only stipula- 
tion is that they must occur alternately on the inner and outer rings to form 
a collapse mode (Fig. 8). 

In the virtual deflection pictured in Fig. 8, some sections of the arch ex- 
perience a vertical displacement downward and other sections upward. *It 
may easily be shown that vertical displacements of the arch are exactly 
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Fia. 8—Collapse mode of voussoir arch 


the same as those of a straight beam of the same horizontal span, hinge loca- 
tions, and rotations. This fact will prove useful in the following analysis. 

The actual analysis of the arch is, again, a graphical one. Since only the 
upper bound theorem shall be used, it is important to position the hinges as 
correctly as possible. Justification of the following procedure of positioning 
the four hinges will be given later. Usually the first three hinges may be 
located immediately: hinge 1 on the inner ring at the support, hinge 2 on the 
outer ring just above the point of load application, and hinge 3 on the outer 
ring at the support more distant from load P. The position of hinge 4 is 
determined by constructing a tangent to the inner ring which passes through 
hinge 3 and intersects the extension of the line joining hinges 1 and 2. 

The structure is now able to experience a virtual deflection. For the voussoir 
arch the work done by the internal forces will always be zero. The reason 
for this is that in a virtual deflection of the arch, the only internal force that 
can do work is the limit moment at the hinges, where there is relative rotation 
between sections of the arch. Since no moment can be carried at a joint of 
the arch, the work, 7.e., the product of the limit moment and the relative 
angle of rotation, must be zero. 

Work done by external loads during this deflection will be the usual alge- 
braic sum of the work done by each load. The external loads, in this case, 
are the load P, the weights of the voussoirs and of the fill. If all of these 
loads are assumed to act vertically on the arch, then only vertical displace- 
ments need to be considered. 

The upper bound theorem states that collapse will occur if the work of the 
external loads is at least as large as that of the internal forces. For the voussoir 
arch, therefore, collapse will occur if the work of the external loads is at least 
as large as zero. This makes determination of the real collapse load P an 
easy matter. 

A specific example at this point will perhaps best illustrate what has been 
said above, and also show justification of the procedure for placing the hinges. 
Consider the highly idealized case of a circular voussoir arch whose voussoirs 
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and fill combined act as a uniformly distributed weight of w lb per ft, (Fig. 9). 
Let the problem be to determine the maximum concentrated vertical load 
that the arch can support at a particular point on its span. 

The various distances shown in Fig. 9 will either be known or can easily 
be determined graphically. Call the vertical deflection of hinge 2, 6. Once 
this deflection is assumed, the deflection of the rest of the mechanism is 
determined. 

The work done by P is 
, 0.28 
0.25 


p 


P xX 6 Prertical = 


INSTANTANEOUS CENTER 
$+ ft tt ft ft Se 


Ns 
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O8Ps “?< (0O.3L3 -5.6L8)=0O 
P=3.3\loL 


Fig. 9—Circular voussoir arch—-example 1 
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The work done by w is 
w X net area of triangles = + w{ 44(0.3L) (5) 14(0.7L) (86) | 
- 2.65 wl 

Then 

O.8P6 2.65 wléb 0 

P 3.31 woh 
‘ , 3.31 wh 
Hence the allowable load for the structure will be P = o where n, the 
n 


safety factor, may have any value greater than one (depending on specifica- 
tions). 
Although it was possible to handle the above problem quite adequately 


by resorting to only one of the limit theorems, it is often better to use both 


limit theorems in more complex analysis problems. Consider, for example, 





Fig. 10—Circular voussoir arch—example 2 
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Fig. 11—Circular voussoir arch—example 3 


the proble hn Ol det rmining whether an arch can support se eral known con- 
centrated loads (Fig. 10 \ reasonable procedure is to apply the lower 
bound theorem first by constructing a line of thrust If the line of thrust 
should lie entire ly within the structure, then the given loading will not cause 
collapse. On the other hand, the line of thrust may fall outside the structure 
Then there will be some position fh on the structure corresponding to the 
point where the line lies farthest outside the arch; such a point is a likely 
position for a hinge to form. Such information can be utilized to locate the 
proper position of the hinges when the upper bound theorem is applied 

The result of applying this theorem will be either to prove that the loading 
is unsafe, which is all that is required, or to “indicate” that it is safe. If the 
net work of all the external loads is “very negative,” then the loading 1s 
probably not a collapse load, and further attempts should be made to determine 
a safe line of thrust, 7.e., reapply the lower bound theorem. In the event 
that the net work is only slightly negative, then an attempt should be made 
to reposition the hinges somewhat with the intention of making the net work 
positive and thereby, proving the loading unsafe. 

As a final illustration, consider the complicated analysis problem shown 
in Fig. 11 in which it is required to determine how large ?? may be. The 
general procedure for this case is somewhat different. The first step is to 
apply the upper bound theorem to obtain a reasonably low value of collapse 
load. For complicated systems of loading, it generally will not be possible 
on the first try to position the hinges correctly or even reasonably well enough 
to obtain a fairly low value for the collapse load. In this event, several sue- 
cessive applications of the upper bound theorem ought to be made, each time 
repositioning the hinges somewhat. The general criterion for positioning 
the hinges is the same as mentioned previously, namely, to give the larger 


downward deflections to the larger loads while tending to minimize the nega- 





328 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1952 


tive work done by the loads. Such a procedure will, ordinarily, yield a reason- 
ably small value for the collapse load. 


Next, a value of load should be taken which is somewhat below collapse 
load, say 10 or 15 percent below, and then the lower bound theorem applied. 
If the resulting line of thrust is a safe one, then the actual collapse load has 
been bracketed; a closer bracketing can be made if desired. In case the line 


of thrust falls outside the arch, the rest of the procedure is much the same as 
that for the case of a known loading acting on an arch. In this case, the in- 
formation obtained from the unsuccessful lower bound theorem attempt 
could be utilized to position the hinges more properly in the subsequent 
application of the upper bound theorem. 

In considering the various problems analyzed, two important advantages 
of limit analysis become quite apparent: first, the ability to bound collapse 
loads from above and below, and second, the relative ease with which limit 
analysis may be carried out. It will be found in general that the method of 
limit analysis and design possess worthwhile and, often times, unique ad- 
vantages. 
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Disc. 49-24 


Discussion of a paper by Anthony Kooharian: 


Limit Analysis of Voussoir (Segmental) and 
Concrete Arches 


By HERBERT A. SAWYER, JR., and AUTHOR 


By HERBERT A. SAWYER, JR. 


This paper presents an interesting and ingenious method for determining 
the load under which a masonry or plain concrete arch must surely collapse, 
neglecting tensile strength. This method is a special application of the 
highly important theory for determining ultimate structural strength care- 
fully and elegantly developed by the author’s associates at Brown University 
(see footnote, p. 321). By this theory, plastic hinges successively form at 
points of overstress in a redundant structure subjected to increasing loads 
until the number of such hinges equals the degree of redundancy plus one, 
allowing redistributions of internal forces which always increase the structure's 
resistance to the loading. 

Neglecting secondary failures, this theory of limit analysis certainly applies 
to single applications of loads to structures made of such plastic materials as 
reinforced concrete or steel. However, voussoir arches are made of much 
less plastic materials, and the writer believes that collapse loads as deter- 
mined in this paper could be generally upwards of 50 percent in excess of loads 
which would cause collapse of in-service voussoir bridges arches. The reason 

an actual arch will fail by crushing of mortar or by spalling of voussoir 
segments before an increasing live load will cause the resultant pressure between 
segments to move out as far as the outer fiber. As the author stated, his 
paper did not treat crushing failure. However, crushing must be considered 
to obtain the true “limiting” load, because the crushing load is less than 
the load producing a pure instability failure for all but the smallest-span 
arches. 

Fig. A approximately represents the behavior of a short length of voussoir 
arch at a joint as the resultant joint pressure approaches the extrados. For 
simplicity, ?, the resultant normal force, is assumed to remain constant, and 
the distribution of compressive stress on the joint is assumed to be linear 
For the usual assumption that mortar is not dependable in tension, the stress 
at A approaches infinity as the resultant approaches A, as indicated by Fig 
A(b). Of course, failure will occur at A in any actual material when the 
resultant is still a certain distance from A, this distance depending not only 


*ACI Journau, Dec, 1952, Proc. V. 49, p. 317. Dise. 49-24 is a part of copyrighted JouRNat or THe Amenities 
ONCRETE INstiruTe, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 


tAssociate Professor of Civil Engineering, University of Connecticut, Stor Cont 
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Fig. A—Behavior of voussoir as resultant pressure approaches extrados 


on arch dimensions and magnitude of P, but on strengths of the materials 
as well. Fig. A(c) shows the effect of position of ? on curvature from bending, 
dé/ds (dé is the angle of rotation between two sections ds apart along the 
arch axis produced by bending strains). The “no tension” curve shows this 
relationship at and near the joint; the ‘‘with tension’? curve shows this re- 
lationship near the center of a segment, where tension reduces bending 
curvatures. Ideally the arch should be analyzed on the basis of an inter- 
mediate curve, similar to the one shown, which properly averages the two 
extremes and also shows the influence of the failure at A. As shown, failure 
tends to “force” the resultant pressure (and therefore, hinge) back to the 
center of the joint 

If the analysis of Fig. A is even qualitatively correct, it may be concluded 


that: (1) the “hinges” for limit analysis of a voussoir arch must be assumed 


located within a “hinge-depth’ somewhat less than the actual depth; (2 


since analysis is only valid for structures with stre train or moment-strain 
curves similar to Fig. 4, and since Fig. A(c) only resembles Fig. 4 if the 
portion of curve following crushing failure is included, probably only after 
such failure do these hinges become effective enough to warrant a limit analysis 

\s for experimental evidence, the writer cannot agree that the cited tests 
by A. J. S. Pippard and others (also described in V. 4, Dee. 1936; V. 10, 
Jan. 1939; and V. 17, Nov. 1941, of the Proceedings of the Institution of Civil 
Engineers) justify the conclusion that “the normal force acting anywhere 
on the voussoir will not produce collapse ” “Tne limiting position of the norma! 
force, as found by these tests, seemed to depend primarily on the tensile 
quality of the jointing material. The nine arches constructed with a port- 
land cement mortar required loads for collapse in excess of those given by limit 
analysis theory The 12 arches constructed with nonhydraulic lime mortar 
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collapsed under loads roughly 20 percent below theoretical loads, that is, at 
loads corresponding to those computed for arches of effective hinge-depth 
of roughly 90 percent of the actual depth. The five mortarless arches collapsed 
under loads averaging 30 percent below theoretical loads, or at loads cor- 
responding to collapse loads for a hinge-depth of about 85 percent of the 
actual depth. Also, in 16 of the 26 arches tested, failure occurred ‘“‘pre- 
maturely” by spalling of a voussoir, crushing of mortar, or slippage of a cracked 
joint. 


These tests, performed in the laboratory on model arches of 10-ft span 


and 2.5-ft rise, indicated strengths which are probably considerably greater 
than the strengths of full-scale, in-service arches for these reasons: 

1. In a barrel arch of unit transverse width the total thrust is roughly proportional to the 
span, vet the length.of bearing edge of a voussoir-joint hinge remains constant. Therefore 
the load on a linear inch of such a bearing edge in a 100-ft arch would be roughly ten times 
the load per linear inch in the test arch, and the difficulties from spalling or crushing would 
tend to increase correspondingly. Effective hinge-depth is, unfortunately, a function of the 
span 

2. Several factors tended to make the quality of the mortar in the test arches superior to 
mortar in an average service arch The test arches were constructed under the superior 
conditions and supervision of a laboratory. The mortar was not subjected to any weathering 
or leaching. The voussoirs of the test arches were regular concrete blocks cast in steel 
forms. And the mortar of the test. arches was partially cured under the compression ol dead 
load thrust, the centering being removed “after an interval sufficient to allow the mortar to 
set’ resulting in only “slight movements” during the first few hours after the centering was 
struck 
3. The two strength results obtained from fatigue tests were inconsistent and hence rather 
inconclusive Also, no arch was tested under a moving load 

An extensive search for accounts of past failures of bridge arch ribs 
entirely unproductive, all recorded arch failures being, significantly, in 
foundation or abutment. The extreme conservativeness and wide acceptance 
of the Rankine middle-third rule probably accounts for this incidence 

The newly developed theories of limit analysis tend to de-emphasize stress 
as a criterion of structural fitness, which is desirable, because orthodox engi- 
neering theory and practice grossly exaggerate the importance of stress in 
plastic materials. Yet the writer cannot help but conclude on the basis of 
this study that for a voussoir arch constructed of a material of limited plas 
ticity, crushing strength is generally critical, and that the traditional stress 
analysis would be more significant than a limit analysis in determining load 
capacity This stress analysis could involve assumption of an elastic, un- 
cracked rib to find the forces on a section, and assumption of a cracked section 
to find unit stress 


AUTHOR'S CLOSURE 


A number of interesting points are raised by Professor Sawyer. As pointed 
out in the original paper and emphasized by Professor Sawyer in his dis- 
cussion, it was assumed that failure of the arch by crushing would not occur 
A more exact analysis, indeed, would require consideration of the crushing 
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strength of the voussoirs and joints. Such basic limit analysis procedures 
for materials with zero tensile strength and limited compressive strength 
have been established.*+ It should be observed, however, that these more 
elaborate procedures are far more lengthy and involved than the simpler one 
deseribed in the paper. 

The question of the appropriateness of the simpler limit analysis of the 
voussoir arch, assuming compression failure not to occur, may be answered 
by experimental evidence. That the assumption is a good one at least for some 


types of voussoir arches, 7.e., arches with certain types of mortar, is supported 


by the careful work of Pippard and Chitty reported in “A Study of the Voussoir 
Arch,” National Building Studies Research Paper No. 11, and referred to in 
the author’s paper. Some quotes from the reference are: 
“Spalling of the voussoirs caused premature instability in certain tests, but the 
danger can be reduced or eliminated by using suitable materials for the voussoirs 
“Slip only occurred in the test as an accompaniment of crushing or spalling and 
never as a distinct type of failure 
“The tensile strength of the cement-mortar joints not only delayed the appearance 
of the first crack, but also raised the ultimate loads to values considerably higher 
than those calculated for the unmortared structure.” 
Finally a quotation from static tests on a masonry arch: 
“In those experiments the voussoirs had no jointing material between them, 
An increase in the point-load finally produced a condition in which adjacent voussoirs 
were In contact only at the extreme edges and a succession of vertical pin-joints were 
formed, failure occurred when a sufficient number of these pins formed to trans 
form the structure into an unstable mechanism.” 


*Drucker, D. C., and Prager, W Soil Mechanics and Plastic Analysis or Limit Desigt 
Mathematics, V. 10, No. 2, July 1952 


fOnat, E. T., and Prager, W Limit Analysis of Arches Journal of echar t Phy 
No. 2, Jan. 1953 





Title No. 49-25 


Effect of Current Frequency on Measurement of 
Electrical Resistance of Cement Pastes— 


By J. CALLEJA? 


SYNOPSIS 


This paper presents results obtained in a short study to determine the in- 
fluence of Irequency ol the current employed for measuring electrical resist- 
ance of a cement paste, to establish the beginning and end of the setting period, 

It was found that Trequency ol the current has no influence on the values, 


although it is advisable to employ a frequency not smaller than 1000 cycles 


INTRODUCTION 


In a previous papert an attempt was made to determine the beginning 
and end of the setting process of cement by measuring electrical resistance 
of the aqueous paste in relation to time. A Philips bridge was employed, 
fed by a 1000-cyecle current which was produced by an oscillator capable of 
providing only 50- and lOOO-cycle current 

Later another oscillator of low frequency was available which provided 
frequencies of 20 to 20,000 cycles. The influence of a wide range of frequen- 


cies on this type of measurement could then be investigated 


EXPERIMENTAL TECHNIQUE 


The technique adopted for this investigation was similar to that already 
described.= The only modification was to feed the measuring bridge with 
current of varying frequency, as produced by the Philips G.M. 2315 oscillator. 

In each test, at the moment of measurement, a variety of frequencies 
Was applied to the electrodes inserted into the test specimen. The specimens 
were placed within an almost adiabatic casing. From data obtained during 
setting, R-t curves were constructed for frequencies varying between 40 and 
20,000 cycles. Thus the results of each of the groups given in Table 1 can be 
compared directly with each other. 

Also, as in previous cases, the temperature variation during setting was 
investigated. 


RESULTS OF TESTS 


The R-t curves obtained (nearly 40) for the same type of cement for various 
frequencies, follow the form indicated in Fig. 1. The commencement of 


*Received by the Institute Apr. 30, 1952. Title No. 49-25 is a part of copyrighted JounNaL or THE AMERICAN 
Concrete Institute, V. 24, No. 4, Dee. 1952, Proceeding 49. Separate prints are available at 35 ce 
Discussion (copies in triplicate) should reach the Institute not later than Apr. 1, 1953. Address 18263 W. Me Nichols 
Rd., Detroit 19, Mich 

tHead of Physical Chemistry Dept., Instituto Tecnico de la Construccion y del Cemento, Madrid, Spair 

tCalleja, J., ‘New Techniques in the Study of Setting and Hardening of Hydraulic Materials ACI Journat, 
Mar. 1952, Proc. V. 48, pp. 525-536 
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TABLE 1—SETTING DATA FOR CEMENTS MEASURED AT VARIOUS 
FREQUENCIES 


Frequencies Commencement of setting End of setting 
employed, cycles hr min ir. min, 


40) 
100 
4000 
20,000 


5O 

S00 
5000 
13,500 


60 
600 
6000 
12,500 


70 
700 
7000 
17,500 


sO 
SOU 
SOOO 
10,500 


90 
900 
9000 
11,500 


100 
1000 
10,000 


100 

1000 - 10.10 
10,000 ‘ 9.60 

300 5 ; 2! 11.25 
1500 5 5 25 10.00 
3000 5 § 25 10.20 
15,000 1 5 25 9.90 


11,000 : 7.80 
13,000 } 5 7.80 
16,000 5 7.80 
18,000 7.80 


12,000 5 10.00 
14,000 2 5 10.00 


17,000 q 5 10.00 
19,000 5 10.00 


*Uncertain since R-t curve does not show it clearly 


setting is indicated by the first minimum, and the end of setting by the second 


minimum. As Fig. | shows, the curves fall successively one above the other 


as the frequency becomes smaller. 

Results are summarized in Table 1, in which the beginning and end of 
setting are shown, also the value of the resistance corresponding to the second 
minimum for each F-t curve. 

The measurements for each of these groups were done on the same test 
specimen so that results can be compared directly. This is not the case for 
different groups, since experimental conditions vary somewhat from one to 
another. Where results ave marked by an asterisk, the commencement of 
setting is uncertain as the corresponding R-t curve does not show it clearly. 

From each of the groups in Table 1 it is seen that frequency does not in- 
fluence the results obtained, either for the beginning or end of the setting 
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process. Similarly, these results show that values for resistance are smaller 
as the frequency is higher; not only for the minimum value F,, of the curves 
but for all points. 

Gaps in the values shown in Table 1 are due to the inability to develop 
the R-t curve for the corresponding frequency because of the great scatter 
of the recorded values. It will be noticed that this happens in the case of the 
lowest frequencies investigated. This shows the advantage of working with 
higher frequencies, as already pointed out elsewhere.* 

For frequencies ranging between 5000 and 20,000 cycles the resistance 
values differ little from each other, so that the curves are practically coincident. 

Differences in setting time between the various groups shown in Table | 
are accounted for by the different temperature conditions during each setting 
period. This is confirmed by T-t curves investigated for this purpose. 


*Calleja, J., ‘New Techniques in the Study of Setting and Hardening of Hydraulic Materials ACT Journnat, 
Mar. 1952, Proc. V. 48, pp. 525-536. 
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Fig. 1—Resistance-time curves for various frequencies 
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DISCUSSION OF INVESTIGATION 


Cement paste placed between two metal electrodes (iron, in this case) 
has an electrical resistance, the characteristics of which have already been 
discussed.* At the same time, it behaves as-a condenser in which the elec- 
trodes take the place of the plates, and the paste is not an ideal but a real 
dielectric. 

For the purpose of measurement, an ohmic resistence FR, is connected in 
parallel with a condenser, which has a capacitive reactance R.. The apparent 
total resistance to be measured will therefore be: 

id Re XR. 

Ri+ R 

In the case of alternating current. of variable frequency, when f > +, 
R. — 0, and therefore R, — 0. This means that as the frequency becomes 
higher, the measured resistance at a given time will be lower. This will be 
independent of the fact that, as in this case, both R, and FR, vary with time 
as the cement paste sets. This is precisely what Fig. 1 conveys and what 
can be inferred from the F,, values in Table 1. 

Besides this, if f + 0, R, + © , and then, in the system made up of the 
condenser and the ohmic resistance connected in parallel, current will only 
flow through the latter. In this case, for the purpose of measurement, apparent 
resistance F, will be equal to ohmic resistance R,, and this is in fact what 
we are concerned in measuring. This would be exactly so if measurements 
were taken with direct current (f = 0). From these remarks it can be in- 
ferred that the influence of R,, which is a drawback in the best of cases, is 


less of a disadvantage the lower the frequency, and the values will be closer 


to the real values of the ohmic resistance if measurements are effected with 
low frequency current. But there is a technical limitation inherent in the 
measuring apparatus employed, since for low frequencies both the precision 
and sensitivity of measurements are adversely affected. Consequently 
there is a minimum frequency below which it is not advantageous to work. 
Results of this experimental work, and for the conditions under which it 
was conducted, indicate that the lower limit is 1000 cycles. 


CONCLUSIONS 


The preceding investigation leads to the following inferences. 

l “Apparent” resistance (ohmic plus capacitive reactance) ol cement pastes placed be- 
tween two metallic electrodes is greater when the frequency of the current employed for 
measurement is greater. 

2. These values are nearer to the actual value of the ohmic resistance as the frequency 
becomes lower. 

3. In spite of this, and due to technical reasons inherent in the bridge employed, measure- 
ments should not be made with currents of less than LOOO cycles. 
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Discussion of a paper by J. Calleja: 


Effect of Current Frequency on Measurement of 
Electrical Resistance of Cement Pastes* 


By T. D. ROBSON and £E. HAMMOND and AUTHOR 


By T. D. ROBSONt and E. HAMMOND} 


When an alternating current is passed through a cement paste, the author 
has correctly regarded the system as being equivalent to an ohmic resistance 
with a condenser in parallel. Accordingly, if the true ohmic resistance of the 
paste is required, a condenser of variable capacitance must also be placed 
in parallel with the measuring resistance on the bridge, to balance the capaci- 
tative reactance of the paste; this system enables one to obtain both the ohmic 
resistance and the capacitative reactance, and the effect of frequency on both 
factors may be examined separately. 

From the information given the writers find it difficult to decide whether 
the author has included a balancing condenser or whether his measured 
values of resistance merely represent the impedance of the paste. It is true 
he states: “For the purpose of measurement an ohmic resistance PR, is con- 
nected in parallel with a condenser which has a capacitative reactance P,,”’ 
but it is not clear whether this refers to the measuring side of this bridge, 
or to the characteristics of the cement paste. However, from his explanation 
of the effect of frequency on the measured resistance, the writers conclude 
that the values F,, are, in fact, impedances and not the ohmic resistances 

The formula given for apparent resistance R, = (R, & R.) (R. + PR.) ts 
based on the assumption that 1/R, 1/R, + 1/R,. but this is not correct 


In the case of an alternating current passing through a resistance and con- 
denser in parallel it can easily be shown that 1/PR,? = 1/R,? + 1/R., ie., that 


R, = (R, Kk RJ VR + R2 since the currents through resistance and con- 
denser are not in phase and must be compounded vectorially. Since the nu- 
merator is the same, the change in equation does not affect the author's conclu- 
sions about the effect of frequency on apparent resistance, but another factor, 
the change in capacitance with frequency, should be noted. The apparent re- 
sistance or impedance of the paste may be represented more fully by 1/2,” 
1/R,? + (2 rfC)*, where f = frequency and C = capacitance. It follows that 
the effect on the capacitative resistance, 1/(2 2 fC), due to increasing f may be 
opposed to a considerable extent by the decrease of C at higher frequencies 
In the case of cement pastes, which have a relatively high capacitance, this 

*ACI Journat, Dee. 1952, Proc. V. 49, p. 329. Dise. 49-25 is a part of copyrighted JounNaL or THE AMERICAN 
Concrete Institute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49. 

*Technical Manager, Lafarge Aluminous Cement Co., Ltd., London, England 
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TABLE A—EFFECT OF FREQUENCY ON HARDENED CONCRETE 


Ohmic resistivity (R megohms per cu cm) and 
capacitance (C' microfarads) at frequencies of 
lype of cement 
im conerete W cycles per sec 500 cycles per sec 5000 cycles per se« 25,000 evycles per se 
R ( R ( R ( R ( 
Calcium aluminate 0 652 0 0035 0.577 0 00056 0.494 0 00008 0.441 0.00004 
Portland 0.0307 0.005 0.0306 0.0007 0 0303 0.0003 0.0302 0.0001 


High-early strengt! 0.0275 0.004 0 0273 0 0008 0.0269 0.0003 0 0269 0 0001 
portland 


compensation cannot be ignored. 

Apart from this, there is also a possibility of variation of the ohmic resistance 
with frequency. Using an apparatus which allowed separate determination 
of ohmic resistance and capacitative reactance the writers have investigated 
the effect of frequency on hardened concretes (Table <A). 

It is seen that with increasing frequency not only the capacitance is reduced 
but also the ohmic resistance, and the same may be true for cement pastes. 

The explanation of the reduction in resistance by increasing frequency is 
therefore likely to be somewhat more complex than that given by the author. 


AUTHOR'S CLOSURE 


The remarks of Robson and Hammond are in the main correct, though 
not applicable to this case in which the circumtances are as follows: 

(1) The experimental arrangement was exactly the same as that described 
in an earlier paper.' In the equivalent circuit of the measuring cell (Fig. A) 
R is the ohmic resistance, and C the capacitance of the fresh cement paste. 

The specific conductivity of the cement paste is great in comparison with 
the capacitance of the condenser C. Hence, in practice, the condenser is 
short-circuited and has no effect on measurements. In the paper under 
discussion, as well as in others,'?:* two 4 x 2-em iron plates 4 cm apart were 
used as electrodes so that the mean measured resistance varied between 
10 and 50 ohms during setting, as shown on the R-t curves for various types 
of portland cement. This means that the specific resistance of the paste 
varies between 20 and 100 ohms per cu em and the specific conductivity 
between 0.05 and 0.01 mhos per cu em. 

Besides, the capacitative reactance of a condenser is given, in ohms, by 
1/(2rfC), where f is the frequency in cycles per second and C the capacitance 
in farads. Hence the capacitance is 6.28 fC. This, in our case, for measure- 
ments at 1000 cycles, and capacitance of 7.10-* microfarads,* gives a value of 
10-° mhos. So the specific conductivity of the fresh paste is of the order of 


10‘ times greater than the capacitance of the condenser formed by the paste. 
(2) The above reasoning was confirmed when a Philips G. M. 4144 
(Philoscop II) bridge was utilized to obtain the R-t curves. This apparatus 


*Later datum is obtained from the table given by Robson and Hammond for hardened concrete, with portland 
cement and is given as there is no corresponding information for fresh or low-aged paste However, results 
obtained by Tobio® show that there is not a significant difference in capacity for fresh and hardened cement pastes 





ELECTRICAL RESISTANCE OF CEMENT PASTES 


is provided with the requisite con- 
denser to correct the difference in phase 
as is evident from Fig. B. It has been 
repeatedly observed that the zero read- 
ing is independent of the adjustment 





of this condenser in the case of fresh 
cement pastes, and even for pastes that 
are one or two days old. Consequently 
there was no need to introduce this 
correction, and in this sense the values 
of R,, shown in the paper, as well as all 
the values corresponding to the points 
on the R-t curves describe (as is cor- 
rectly inferred by Robson and Ham- 
mond) the impedance of the paste. 








This impedance, for the reasons given, 
is practically the same as the ohmic Fig. A—Equivalent circuit of cell containing 
resistance. cement paste 

(3) Apparatus designed exclusively to record conductivity are not in 
general equipped with devices to correct phase differences. That is the 
case, for example, with the Mullard Conductance Bridge Type E 7566. It 
gives results identical with those obtained with the Philips G. M. 4144 Bridge 
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Fig. B—Diagram of Philips G. M. 4144 Bridge showing correcting condenser (dotted circle) 
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(4) When the electrodes are not in direct contact with the cement paste, 
the effect of the capacity of the paste may become important, though in this 
case recordings cannot be taken at low frequencies. This has been recently 
shown by J. M. Tobio,* working with external electrodes and frequencies 
between 50 and 100 megacycles. 

As to separately measuring ohmic resistance and capacitative reactance, 
a current investigation by J. M. Tobio* appears to confirm what has been 
stated in this discussion. 

(5) The effect of the capacity C becomes appreciable also when frequency 
increases beyond certain values. This is apparent from the formula 

cos @ = 1/¥ 1440220? (1) 
where (, in this case, is approximately 7.10-'° farads. 

When the frequency is low, 42? f? C? > 0, cos ¢ > 1 and @ > 0, 7.e., there 
is no difference in phase and measurements can be made with or without 
compensation for phase, as indicated under (2) and (3). In these cireum- 
stances the expression R, = (R, & R,)/(R. + R.) gives a sufficiently accurate 
approximation and provides a further justification for conclusion 2. 

But if high frequencies, of the order of several megacycles are used, the 
influence on the denominator of Eq. (1) begins to be significant, and should 
be taken into account in the results. In such a case the expression suggested 
by Robson and Hammond, Rk, = (Rk. X R.)/VR,2 + R2 should be adopted, 
since in this case there is a difference in phase, as @ # 1, and the currents 
across R and C must be added vectorially. 

(6) Robson and Hammond have considered the effect of the frequency 
on the ohmic resistance and the capacitance of set and hardened concretes, 
whose resistance is much higher than that of fresh and low-aged pastes 
In their case comment (1) in this discussion is not applicable and the results 
by Robson and Hammond do not seem comparable. 


SUMMARY 


Because of the usual values of conductivity and capacity of cement pastes, 
the variation in absolute value of R, taking into account the reactance and 
capacitance, is insignificant, under our conditions of work. Such variations 
in Ft are much smaller than slight changes due to other faciors, such as mix 
water, temperature, etc.,° which affect the setting phenomenon.*:® 

Furthermore, the possible slight influence of the capacity of the paste on 
the value of R does not modify qualitatively the shape of the R-t curves, nor 
the conclusions reached in the paper under discussion. 
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BY WAY OF SYNOPSIS 


F. O. 


ANDEREGG presents data on the relation of specimen shapes to com- 


pressive strength in the testing of lightweight concretes. 


The equivalent load method for analyzing prestressed concrete structures 


is discussed by Le Roy 


C. F. 


T. OkHLER and RoBeErt1 


B. B. Moorman. 


Mour discusses research on the effects of temperature changes on 


concrete as influenced by aggregates, with reference to the comparison of 


trap rock and gravel aggregates. 


Application of the vacuum concrete method to construction in the United 


States is commented upon by CLarENcE W. Dunnam, D. EF. 


ee 


BILLNER. 


PARSONS, and 


SuHanc-Wv-Lin presents a nomographie chart for determining the modulus 
of rupture of 3 x 4 x 16-in. and 6 x 6 x 36-in. concrete beams, 


Shape Factor and Compressive Strength of Lightweight Concretes 
(LR 49-10) 


The load carrying capacity of lightweight 


concretes seems to follow a different law 


Failure in the 
local points so that the 


than in dense concretes. 


former starts at 
shape of the specimen has much less influence 
than in the latter. 

The relation between shape factor and 
compressive strength has received consider- 
able study, culminating in ASTM specifi- 
C 42-49. This 

empirical correction 


cation, Designation 
has checked 


factors with mortars and has used them in 


writer 


these 


correcting from flat shapes to the cubical.! 
In discussing the ACI paper “Lightweight 
Aggregate Concrete’’? he suggested that load 


carrying capacity C should be proportional 


to the amount of matter in a given space or 
to the density, and inversely proportional to 


the voids. The equation might be written 


kS 
C (1) 
A S 

where S is unit weight of the given concrete 
and A is weight of a cubic foot of the concrete 
having no voids. The constant k depends 
upon the nature of the cementing material 
and the history of the concrete. 


tecently considerable study has been 
given to perlite concrete and it was found 
that 


than 50 Ib per cu ft 


when concrete 
that failure did not 


always result in the formation of the double 


testing weighing less 


*A part of copyrighted JourNAL or THE AMERICAN Concrete Instirure, V. 24, No. 4, Dec. 1952, Proceedings 


-parate prints of the entire Letters from Readers section are available at 35 cents each 
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W. MeNichols Rd., Detroit 19, Mich. 
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TABLE 1—CONSTANTS FOR LIGHTWEIGHT CONCRETES 


Parameters 


Aggregate Cement 


days 


Perlite’ Type I wet 2s 
Perlite* ype wet 7 
2s" 
o0* 


Vermiculite® oven dry 


Calcium hydro-silicate* 
autoclaved and dried 


*Dry after seven days 
(Lb per cu ft 


cone with cylinders or the double pyramid 
Instead it 
almost anvwhere within the specimen, ap- 


with cubes. seemed to. start 
parently from a point of local failure. 


The 


concrete made from these expanded aggre- 


following analysis is proposed for 


gates. Load carrying capacity depends upon 


the amount of material present within a 


minimum 
required to carry any load at all. 


given space In excess of a 


In such 
‘ 


conerete are found a series of slender “columns 


and beams,”’ whose load carrying capacity 
is a function of the square of the thickness 
of the microscopic member. This relation- 


ship might be written 

C=al(S b(S ~ M)*...(2) 
Table 1 gives 
some values obtained for a, b, and M experi- 


where a and 4 are constants. 
mentally. 

These constants depend upon the type of 
cementing material and upon the history of 
the concrete; the type of aggregate is also a 
factor. Water-cement ratio has been more 
important in the vermiculite concrete results 
Most of the 


rather 


than in the perlite results. 


perlite concretes contained large 


amounts of entrained air. Generally, light- 


weight autoclaved products have much 


higher strengths than when cured at ordinary 
With 


bubble size is an important factor, the smaller 


temperatures, cellular concretes the 
the bubble size, the stronger the concrete. 

In the study of perlite concrete, specimens 
were made from a single batch in the 2-in. 
cube shape, in 3 x 6 and in 6 x 12-in. cylinders. 
Strengths from these usually agreed within 
an experimental error of + 5 percent. 

The 


lists numerous data on compressive strengths 


brochure on vermiculite concrete® 


for shapes ranging from the half-brick to the 


Curing age, 


Water-cement - - 
ratio ( h VM, peft 

various 

Various 

Various 

Various 

low 

medium 

high 


6 x 12-in. evlinder. Based on these data a 
correction factor close to 0.90 could be applied 
to the half-brick shape to bring the results 
in line with the whereas the 
ASTM factor for dense concretes would be 
about 0.55. 

A batch of 


sufficient air-entraining agent to give a total 


cylinders, 


1:8 concrete was made with 


air content of about 40 percent. From this 
2-in. cubes and 2 x 2 x 4-in. and 2 x 2 x 6-in. 
They 


for the first week and then allowed to dry in 


prisms were molded. were stored wet 


the laboratory air. At 28 days the crushing 
resistances were, respectively: 146, 135, 151; 
172, 139, 157; and 154, 132, 143 psi. Failure 
always occurred near the end in contact with 
the moving head. 

Since fracture in lightweight concretes is 


often initiated locally, the shape of the 


specimen seems to play only a minor role. 
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LETTERS FROM READERS 


Analyzing Prestressed Concrete Structures (LR 49-11) 


The article ‘‘Equivalent Load Method for 
Analyzing Prestressed Concrete Structures,” 
by Robert B. B. 
present a new and unique method of handling 


Moorman,* appears to 
the effects of post-tensioned cables in pre- 
stressed concrete beams. No references were 
given to previous publications first setting 
forth this The this 
method may be traced to M. Y. Guyon and 
first Sept. 20, 1945, in Jnstitut 
Technique du Batiment des Travaux Public 
(Paris). An English this 
article, “A Study of Continuous Beams and 
Statically 
Prestressed 
March, 1951, by 
Assn., London, in 
33. The 


the summary of the english translation: 


principle. origin of 


published 
translation of 


of Some Redundant Systems in 


Concrete,”’ was published In 
and Conerete 
Translation No. 


would like to quote 


the Cement 
Library 
writer from 

“Tt is shown that although the problem 
is usually complicated it can always be re- 
placed by a corresponding problem involving 
an IMaginary load ((r) acting on each span 
The line of then considered as 
being the polygon of this load 
and of the due to the 
prestressing lorce F (to which may be added 


pressure 1s 
funicular 

compressive ftorce 
a compressive force N due to external loads). 
This imaginary load is the second derivative 
of the prestressing moment Fy and is there- 
load 


the tension in the curved cable 


fore equivalent to the transverse 
created by 
Conversely the ordinate y in each span or 
element is the second integral of the imagi- 
nary load Q(x). This second integral includes 
two constants representing the ordinates 


at the ends of each span; these depend on 


the continuity conditions at those ends, 7.e., 
on the partial or complete restraints assumed 
at those ends.” 

This, the writer believes, briefly summarizes 


the method explained bv Professor Moorman 


Le Roy T. Ornier, Ful- 
bright Scholar in Prestressed 
Concrete 1951-1952, Imperial 
College, London, England 

until after publication of the 
Load Method for Ana- 
lyzing Prestressed Concrete Structures” that 


It was not 
article “Equivalent 
the writer had access to the 
article by M. Y. 


While the principle of a lateral load is set 


interesting 
Ciuyon. 


forth by Mr. Guyon, his method of handling 
the load is not the same as that of the writer 
If Mr. Oehler 
what the writer stated in the paper 


would read more carefully 


under 


“remarks” he would find that the summary 


he gives from the English translation of 


Mr. Guyon’s paper does not summarize the 
writer’s method. Furthermore, the writer 
believes his equivalent load method is much 
simpler to apply than Mr. (Giuvon’s nagar y 
load method. 

The reason the writer gave no reference 
for his method was that there were none to 
give--he had the inspiration whif® working 
with suspension bridge analyses. The con- 


cept ol equivalent load, “is used by the 


writer, is a natural from the trussed beam 


theory and the suspension bridge theory. 


Roperr B B MooRMAN, 
Chairman, Civil Engineering 
Dept., Syracuse University, 


Svracuse, N. ¥ 


Durability of Trap Rock and Gravel Concrete (LR 49-12) 


data 
presented in “Effects of Temperature Changes 


It might be concluded from the 
on Concrete as Influenced by Aggregates,” 
by Messrs. Walker, Bloem, and Mullen, 
ACI JourRNAL, Apr. 1952, p. 661, that there 
is practically no difference in durability of 
rock 


in these tests the maximum size aggregate 


trap and gravel concrete. However, 


was | in. and round uncrushed gravel was 


*ACI Journat, Jan. 1952, Proc. V. 48, pp. 405-416 


compared with crushed trap rock in concrete 


of 3 to 4 in. slump. fnder these conditions 
the trap rock would require more water tor 
the same slump, making less durable concrete 
It is regretted that the tests did not include 
comparisons Of 2!9-in. maximum size crushed 
gravel and trap rock in | to 2 in. slump 
vibrated concrete since this is the more com- 
mon type of concrete used where durability 


is important. 
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Had other test conditions been selected to 
conform more nearly to field conditions as 
was done in adopting a slow rate of temper- 
the 
is believed that 


ature change in heating and cooling 
tests, it 
to the 
enhanced. 


essential requirement and to simulate service 


the research value 


work reported would have been 


concrete pavements durability is an 
conditions the surface of the air-entraining 
concrete specimens should be ground down 
the Then it 


interesting how 


to expose 
be 
warping the 
aggregate the 
might cause the slab to bend, suck up water, 


coarse aggregate. 


would to learn much 


results when mere porous 


expands at surface which 


pump, and erack, also the effect of expansion 


of a high thermal coefficient aggregate 


s » 


Vacuum Concrete (LR 49-13) 


Mii 


JOURNAL* 


the March, 


provides much to think 


Billner’s 1952, 


about. 


paper in 


It seems to the writer that it is worthy of 
careful study. 

\s the 
in the planning and detailed design ol rein- 


writer’s experience has increased 
forced concrete construction, appreciation of 


the importance of practical planning of 
structureggin the office grows more and more 
pronounced, Under present conditions, the 
need for economy as well as safety and dur- 
We in the office 
to think and 
stresses and the 


How 


savings due to these matters compared 


ability grows apace are 


altogether too prone argue 


much about allowable unit 


technicalities of design. Important 
are 
with the hundred and one things that con- 
tribute to costs in the field? 
Most that a 


few thousand pounds per square inch 


of us will admit jump of a 
in the 
allowable design stress in the reinforcement 
saves only a tiny percentage of the steel in 
a job whereas it directly increases the crack- 
ing of the strueture under load, and it may 
ol 


On the other hand, some unwise 


directly reduce the safety factor critical 


sections. 
or by design 
dollars 


through delay, formwork, placing procedures, 


thoughtless thing required 


drawings may cost many extra 


and fussy construction 


*Killner, K. P., 
ACT Journat, Mar 


Applications of Vacuum Concrete,’ 
1952, Proc. V. 48, pp. 581-502 
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What happens when a piece of impervious 
quartz gravel of high thermal expansion lies 
next to a very porous piece of sandstone, 
shale, or calcareous gravel of low thermal 
expansion and it rains and the temperature 
falls? 
expand and vice versa when the sun heats 
the 


practical to compare aggregates for concrete 


Does the quartz shrink and sandstone 


and drys surface? It does not seem 


durability without also evaluating the effect 
of porosity. 


data would have 


complete 


the 
the 


analysis of 


had 
properties of all aggregates teste 1 been given 
C. F. Mour, Sales Engineer, 


Kingston Trap Rock Co., 
Kingston, N. J. 


setter 


been possible physical 


Mr. Billner has used the 
an excellent aid in speeding up 


It is obvious that 
vacuum 4s 
construction, re-using forms, handling parts 


as well as forms, and producing dense, 


strong concrete. He is to be congratulated 
for his leadership, inventiveness, and aid to 
progress. All of us should give a great deal 
of thought to these same objectives, attain- 
ing them in whatever way is the most practi- 
cable for each particular job. It seems that 
here is one of the most productive fields for 
making real advances. 


As the 
illustrations, he = is 


Mr. 


emphasizing a 


writer interprets Billner’s 
really 
philosophy of design. Instead of designing 
a structure in the office and then having the 


build- 
ing it in the field, his philosophy is that of 


contractor devise ways and means of 


determining in great det iil what can be done 
the field the 


then designing the structure to utilize this 


in with available equipment, 


equipment. 


It seems inevitable that designers will 


follow this kind of thinking more and more. 
Wi 


duced in the form of precast parts or made 


are going to find out what can be pro- 


with standard re-usable forms, then plan 


our structures to use these available methods 
As we designers do so, both the contractors 
and the manufacturers of concrete products 
will cooperate and extend their activities in 
until a and _ flexible 


these directions broad 
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practice has been built up in both design 
and construction. 
CLARENCE W. DUNHAM, 
Associate Professor of Civil 
Engineering, Yale University, 
New Haven, Conn. 


A reader 
Vacuum 


of the paper “Applications of 


Concrete” cannot help but be 
impressed by the large variety of methods 
for building each of a number of structures 
and products of reinforced concrete in which 
Although 


illustrations are not 


the vacuum equipment was useful. 
the descriptions and 
sufficiently complete to indicate the details 
of design, the features which probably were 
responsible for economies of construction 
and manufacture seem to be well indicated 
In all instances the forms were re-used many 
times, sometimes as Many 4s five times per 
day. <A rapid stiffening of the concrete was 
an essential feature of some of the methods 
illustrated; for others, the vacuum lifting 
device was the Important tool, and for thin 


slabs of large area, both were needed. 


One wonders why some of the methods 
described have not found greater application 
in the United States. It does not seem to 
bea question of codes and regulations because 
most modern codes allow the use of products 
and constructions whose safety are demon- 
strated by engineering design computations 
The structures 


or by the results of test 


and products described differed in some 
respects from the conventional, and all seem 
to have been designed to make advantageous 
use of the vacuum equipment in casting and 


erection 


Probably the 


special designs and specifications needed to 


necessitv tor preparing the 


337 


take full advantage of the vacuum equip- 
ment has been a deterrent to its more general 
use. However, the differences in the practices 
here and abroad may be the results of the 
effects of differences in the relative costs of 
labor and materials. It would be interesting 
and informative to have authoritative com- 
ments about the structures from builders 
able to 


the possible economies of the 


and contractors who are estimate 
techniques 
described in the paper 
D. k. Parsons, Chief, Build- 
ing Technology Div., Na- 
tional Bureau of Standards, 
Washington, D. C 


Professor Dunham’s comments, irrespective 
of the kind appreciation he eXpresses, hit the 
nail on the head as regards the author’s aims 

D. BE. that 
difference in labor 


Parsons suggests maybe the 
costs affects the progress 


This 


a deterrent because one of the 


of vacuum concrete in this country 
can hardly be 
basic efforts in these methods is to simplify 
labor that if 


procedures. It is obvious 


forms, particularly In 
held by 


by hammer and nail methods, then that is a 


precast construction, 


can be the atmosphere instead of 
simplification. Ii precast items, when lifted, 
ean be held by the atmosphere, instead of by 
imbedded hooks and attendant reinforcement 
th it labor 


times 4 


concentrations, then also means 


savings. If forms can be used many 


day, instead of once only, then that spells 


economy 


United 


per h ips because 


The use of these methods in the 
States is increasing rapidly, 


of repercussions trom abroad. 
K. P. BILLNerR, President, 


Vacuum Concrete, In 
Philade Iphia, Pa 


Nomogram for Determining Modulus of Rupture of 3 x 4x 16-in. and 
6 x6 x 36-in. Concrete Beams (LR 49-14) 


Since dimensions of 3 x 4 x 16-in. and 


6 x 6 x 36-in. concrete beams are not uniform 


because of variable mold dimensions, work- 


manship, ete., the moment of inertia and 


position of neutral axis of beams are variable 


The 


modulus — of 


Ve 15 PL 
or , should be 


I BD 


rupture, expressed as 


calculated for 


each beam according to its dimension 


Usually, by assuming that the cross section 
of beams and span are not variable, a con- 


1.5L 
has been used to determine 


BD 


rupture, 


stant K 


modulus of which is not accurate. 
two methods of loading, single 


The 


There are 


loading and three point loading 
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LETTERS FROM READERS 


TABLE 1—CONCRETE DATA 


W/C 
gal. 
per sack 


Slump, 
in. 

5.5 0 

6.0 2 


equations of modulus of rupture for these 
two methods of loading could be represented 
as follows: 
1.5 Pil 
BD? 
P2L 


BD? 


: (single loading) 


(three-point. loading) 


which: 
modulus of rupture (psi), single 
loading 
load (lb), single loading 
modulus of rupture (psi), three-point 
loading 
» = load (|b), three-point loading 
L = span, 14 to 18 in. 
B width of cross section, 3.75 to 6.25 in. 


D 


A nomographic chart 


depth of cross section, 2.75 to 6.25 in. 


(Fig. 1) has been 


made for the above equations for use in the 


field where calculation work is inconvenient. 
The maximum and minimum modulus of 


Age 
in 
days 


Percent 
air 


Expo sure 


7 80 Lab. air 


2 
3 142 exp. 10 


rupture of plain concrete, 1300 and 100 psi, 
are based on the data in Table 1. The cor- 
responding loads, maximum and minimum, 
are 11,755 and 135 |b for the single loading 
For three-point loading, the maxi- 
17,632.38 and 


method. 
mum and minimum loads are 


202.57 Ib. 


Example 

Given B t.lin., D = 3.0in., L 14 in 
and P 1000 Ib, find the modulus of rupture 
due to single loading method 

Connect B with D, secure intersection on 
with L, 
hinge line Hy»; 

1000 Ib, and 


hinge line Hy; connect this point 
find 
connect this point with P, 
read S. S, 

For three-point loading method, connect 
1000 Ib and 


and intersection on 


570 psi. 


point on hinge H. with P 

read S. S 380 psi. 
SHane-Wu Lin, Dept. of Ap- 
plied Mechanics, Kansas State 
College, Manhattan, Kan. 
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Reviews 


of Significant Contributions in Foreign and Domestic Publications 


Concrete mat for power plant foundation 
Western Construction News, V. 27, No. 8, 
pp. 74-77 


Aug. 1952 


teviewed by M. W. Jackson 


An unusual mat foundation is described 
for the new P. G. & C. steam plant at Pitts- 
burg, Calif. The plant weighing 114,000 tons 
was built on a soil containing peat lenses, 
with a maximum design bearing capacity of 
2500 psf. a rein- 
forced concrete mat 5 ft thick and 174 x 3681! 
ft was The divided into 
blocks containing from 380 to 750 ecu yd 


For the main foundation 


used. mat was 


each for separate pours. The mat is com- 


pletely below groundwater level. 


Concrete boxes for foundation bolts 
Engineering (London), V. 174, No. 4518, 
1952, p. 266 


Aug. 24, 


Reviewed by Aron L. Mirsky 


Describes precast concrete boxes designed 
to replace conventional timber form boxes 
for bolts. 
with 


Boxes are 
both 
foundation concrete and with grout. 


foundation grooved 


to ensure bonding surrounding 


Winding stairs in concrete (Gewendelte Be- 
tonsteintreppen) 


A. Honoup, Betonstein-Zeitung 
No. 2, Feb. 1952, pp. 53-56 
Reviewed by 


(Wiesbaden), V Is 


Rupoves Fiscat 


the 
design of quarter and semi-winding stairs to 


Construction methods are shown for 
The walking line should 
This 


of special value to manu- 


make walking easy. 


be steadily curved and rising. infor- 


mation will be 


facturers of prefabricated concrete steps. 


*A part of copyrighted JouRNAL OF THE AMERICAN CONCRETE 
Mich. 
If it is followed by a foreign 
In those cases where the foreign title cannot conveniently be set ir 
original article is indicated in parentheses following the Er 


V. 49 Address 18263 W 
the book or article re 


MeNichols Rd., Detroit 19, 
viewed is in English 


available through ACI. In 
available, will be f 


most 


irnished by ACI on request 


eases they can be obtained direct from the 


Prestressed concrete fencing 


(London), V. 173, No 


Engine ering 
1952, p. 7 


$507, June 13 


759 


Reviewed by Aron L. Minsky 


Description of fence made of pretensioned 
posts, rails and pales bolted together. — It 
has been suggested to reviewer that logical 
next step would be 


prestressed concrete 


cribbing. 


New bridges of the Isle in Geneva (in French) 
Schweizerische Bauzeitung, V. 70, No. 24, June 14, 1952, 
p. 248 

Reviewed by M. W 


JACKSON 


Two new bridges are under construction. 
One consists of three spans of 46 ft each and 
plain slabs of prestressed concrete, varying in 
thickness from 16 in. at midspan to 29 in. at 


The 


spans of 66 ft each and a plain slab of pre- 


the supports. second consists of two 


stressed concrete with a constant thickness of 


35 in. 


Progress in the manufacture of concrete and 
reinforced concrete pipe (Fortschritte in der 
Herstellung von Beton- und Stahlbetonrohren) 
Betonstein-Zeitung (Wiesbaden), V 


1952, pp. 2 56 


eles 


kk. MARQUARDT 
18, No. 7, July 


The following manufacturing methods for 


pipe are described: horizontally cast pipe 


with non-prestressed reinforcements, verti- 
cally cast pipe, pipe made by vibration, com- 
bined concrete pressure pipe with and with- 
out reinforcement, as well as pipe with pre- 


The 


prestressing 18 


stressed and ordinary reinforcement 


nature and = purpose of 


discussed. 


24, No. 4 
glish title 
title the 
type or 1s 
glish title. Ce 


InstTirure, V 
Where the E 


Dee. 1952, Pr 
only is given in 


ceedings 
a review, 
viewed isin that language 
the language of the 
or books reviewed are net 
Address, when 


work re 
not available 
f articles 


original publishers 


pies o 
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Deformations of reinforced concrete 

A. I, Jounson, reprint from Publications V. 11, Inter- 

national Assn. for Bridge and Structural Engineering 

1951, pp. 253-290 

Mecuanics Kevirws 
Aug. 1952 


APPLIED 


Sess 


Author describes analytical study of de- 


formations in reinforced concrete members 


including prisms in tension, beams in flexure, 


and slabs. I¢xpressions are given for com- 


puting elongation of reinforcement, com- 
pression of concrete, position of neutral axis, 
flexural rigidity, 
Ieffects 


time loading are 


spacing and width of cracks 


of and shrinkage under long- 


creep 
studied analytically and ex- 
ribution of 


Three re- 


periment ily in relation to redist 


“aT 
be Lilis 


to determine redis 


moment in- restrained 


strained beams are tested 


tribution of moments both under sustained 


loading and it’ failure 


Development of prestressed concrete in Switz- 
erland (in German) 

MI. BinkeNMAIE! 

Sehiy , he Bauzei 

pp. LO7-114 


iewed by 


it 


Switzerland 


‘view ol development ol prestressing 
BBRY 


in detail, as 


In 


system in use there is 


illustrated well as other types 


of anchorage. Tests on wires and on entire 
cables are discussed, Article includes 35 pho- 
tographs of projects, details, and apparatus 


in use In Switzerland with explanatory data 


Plotting trajectories of principal stress in plane 
stress problems 


P. B. Morice, 
4517, Aug. 22, 


Engineering (London), V. 174, No 
1952, pp. 252-2 


252-253 
Reviewed by Arnon L. Mirsky 


of 
trajectories is solved by forward integration 


Problem obtaining principal stress 


by finite differences. As numerical example, 
the trajectories for dead load stresses in a 


trajectories in a prestressed beam with con- 


semicircular shell roof are calculated. 
centrated load are also sketched. 


Influence lines for support moments in continu- 
ous beams 


R. C 
$517 


Coates, Engineering (London), V. 174, No 


Aug. 22, 1952, pp. 230-231 
Reviewed by 


Anon L. Mirsky 


Author discusses “factors of constraint” 


(the term V if stiffness of the beam is repre- 
sented by VK, where K T/L) and shows 
how these factors for intermediate spans of 


continuous beams may be derived from 
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known values for end spans (which are 


These con- 


to 


usually either free or encastré). 


straint factors are then used derive 


carry-over factors, end rotations and mo- 


ments. These in turn are used to calculate 


influence-line ordinates { numerical ex- 


ample is included. 


Corrosion control; use of reinforced concrete 
Oil and Gas Journal, V. 51, July 14, 1952, p. 141 
Reviewed by M. W. Jackson 
Reinforced conerete bottoms 


nre ipplicable 


is Olls, 


in tanks for storage of crude oils and g 


or in oil tank where the bottom is cov- 


ered 


retnrores 


any 


with water For existing tanks 


“dl conerete hb ttom on top ol 


steel bottom is economical Details of 


forcement recommended ire shi 
12 in 


Article 


point 6 ft 


#3 bars at both wavs, with 


Dars suggests © In. 


from shell, then 1 


slope to 10 in 


Reinforcing lightweight concrete (Ueber die 
Bemessung bewehrten Leichtbetons) 

H. HAMANN, Betonstein-Zeit Wie 
No. 5, May 1952, pp. LSO-1S2 


Rey 


sbacle 
iewed by Rt 
The 


concrete 18 


lightweight 
that 
ratio has to 


elasticity of 
different 


normal concrete and the E, E, 


modulus of 


quite irom ot 
be selected with care when using conventional 


design. The n-free design is more appro- 
priate and economical. An example shows 
that slab gas 30 


of the steel can be saved by using the n-free 


in a of concrete percent 
design. Another advantage of this method 
is that it to 


the point of failure. 


follows deflections closely up 


Precast manhole units cut costs of on-site 
construction 


Construction Equipment, Apr 
ARBA 


1952, p. 12 
PecuNical INFORMATION 
June 


DIGEst 
1952 


the 
average time of installation from one week 


Use of precast manhcles reduced 


to one day. A production line set-up induced 
by the need for speed in placing underground 
New York 
operation at Flushing which eliminates the 


wire networks in suburban is in 
time consuming, weather controlled mixed- 
in-place method of construction. The author 
the the 
handling of materials, mixing methods, and 


describes plant set-up including 


equipment. 
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Deadweight trailer for testing road bridges 
Engineering (London), V. 173, No. 4506, June 6, 1952, 
pp. 721-722 

Reviewed by Aron L. Mirsky 
Describes experimental trailer for testing 
A 50-ton 


kentledge) is mounted 


short-span masonry arch bridges. 


slab (80 tons with 


on the trailer and can be moved so varying 
proportion of weight is on front bogie and 
on rear bogie. Hence bogie loads ranging 
from 20 to 90 tons can be obtained. 

How the maximum capacity of a bridge 


is ascertained, without testing it to de- 


struction, is unfortunately not stated, 


Prestressed concrete adapted to many struc- 
tural uses 


F. E. Koepen, Oil and Gas Journal, V. 51, June 16, 
1952, pp. 351-352 


Reviewed by M. W. Jackson 


General discussion of prestressing and 
applications to oil industry, tanks, pipes, and 
buildings. For offshore drilling platforms, 
flat 


stressed concrete piles could be used. Handling 


precast, prestressed slabs, with pre- 


stresses for such piles, usually so critical, be- 
come of minor importance. Since there is no 
cracking under loads for prestressed concrete, 
there is high resistance to salt water action 
on the steel. 


Swiss concrete ‘Durisol"’ made of wood shav- 
= (Der Schweizerische Holzspanbeton Duri- 
so 


G. Brawn, 
No. 5, May 


Betonstein-Zeitung 
1952. pp. 186-189 


(Wiesbaden), 18, 

Based on the example of the Swiss concrete 
made out of wood shavings, it is shown that, 
when fully acquainted with prevailing con- 
ditions, first class building materials can be 
produced with wood and cement. Success 
depends on careful selection and impreg- 
nation of raw materials, evaluation of past 
the 


ob- 


know ledge of 
the 
therefrom 


experiences, exhaustive 


technological properties, and in 
the 


with regard to design and execution of the 


servance of rules resulting 


construction. 


Plasticity and creep of cement mortar (in 
Japanese) 

Kerasuro Kuso, 
Civil Engineers, No. 


Transactions, Japan Society of 
13, Mar. 1952, pp. 12-18 
AvurTuor’s SUMMARY 


Investigation of the fundamental equation 
by which plastic deformation and creep of 


cement mortar in a short period can be 
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solved. A. Nadai’s theory is concerned with 
the relations connecting stress, strain, and 
strain rate, but to analyze stress distribution 
in plastic beams which are sustained under 
constant load, this theory is not convenient, 
because in it, strain is not defined as a 
function of time and stress, but strain rate 
and stress. The writer’s equation connects 
stress, strain and time and this is verified by 
experiments with cement mortar. 


Construction of concrete integral curb pave- 

ment 

L. M. Denton, 

May 8, 1952, p 
ARBA 


Michigan Roads and Construction, 


DiGEst 
1952 


PeCHNICAL INFORMATION 
June 


A method of 
and curb in one operation is explained in 
detail. 
cations, developed jointly by engineers and 


laying concrete pavement 
Progressive and reasonable specifi- 


contractors, have contributed greatly to 


smooth production and low costs. The use 
of equipment, some of which is specially 


designed, is described. 


Ultimate flexural strength of reinforced con- 
crete beams 

F. A. 
V. 2, 


BLAKEY, 
No. 3, 


Australian Journal of Applied Science, 

Sept. 1951, pp. 344-357 
Hicguway Researca ApsTRACTS 

May 1952 


tests full- 


scale concrete beams and a series of models 


Flexural made on a series of 


with 
of 


concrete 


gave ultimate strengths in agreement 
calculated the 
rectangular distribution 
in the 


those on assumption 


stress in 


The 


moments also are calculated for these beams 


compression zone. allowable 


by the commonly used theory which assumes 


linear stress distribution, and it is shown 


that for heavily reinforced sections excessive 


safety factors result. 


Maintenance of concrete pavements 
Melbourne), V. 40, 


Enyineer 


pp. 12-15 


Commonwealth 


Aug. 1, 1952 


No. 1, 


In the Svdney district of New South Wales 
the 


covers six distinct types of operation. 


maintenance of concrete pavements 


The 
maintenance operations, which are de- 
scribed briefly 


and cracks, (2) 


are (1) treatment of joints 


repair of broken areas or 0 
openings made for public utility services, 
(3) correction of settlement and pumping, 
(4) repair of spalling, (5) protection of edges, 
and (6) treatment of worn surfaces. 
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New bridge over the Rhone at Lyon (in French) 
Le Genie Civil, V. 129, No. 5, Mar. 1, 1952, pp. 92-93 
Reviewed by M. W. Jackson 
The bridge at this point was completed in 
1923 of 
destroyed by the retreating German army in 
1944. 
open spandrel arch type, with a total length 
of 740 ft and a width of 66 ft. 
In rebuilding, 48 inverted-T-shaped arch 


reinforced concrete and_ partially 


It was of three nearly equal spans, of 


segments, each weighing 40 metric tons, 
were cast on shore and transported into place. 
These were raised to form a series of parallel 
then 


con- 


three-hinged arches. Concrete was 
placed between the beams to form a 
tinuous curved slab surface to support the 


superstructure of the bridge. 


Tests of precast prestressed concrete floor beams 


Engineering (London), V. 174, No. 4514, Aug. 1, 1952, 
pp. 154-155 

Reviewed by Aron L. Mirsky 

Describes routine factory testing of beams. 

About 10 


the beams of worst appearance always being 


percent of production is tested, 


selected. Beams are usually tested within 


24 hr after forms are stripped. Loading is 


ontinued 


applied at the third points and 


until cracking occurs as shown by deflection 
measurements; the load is then removed and 
residual (permanent) deflection noted. Results 
of tests on some 50 beams aged one to three 


years are also given. 


Proposed German standards for settling tanks 
(Deutsche Normen fuer Kleinklaeranlagen, 
Entwurf Januar 1952, DIN 4261) 


Betonstein-Zeitung (Wiesbaden), V. 18, No. 3, Mar 
1952, pp. 94-101 


Reviewed by Rupo.en Fiscui 


Gives directions for the use, dimensioning 
and operation of settling tanks in domestic 
districts. They are considered as temporary 
and should be replaced as soon 
The standards deal 
tanks for single houses or groups of houses 
up to 50 Three 
effluent described: (a) 
irrigation, 


as possible 
by main sewers. with 
inhabitants. methods of 
removal are sub- 
which is recommended as the 
best method, (b) discharge into rivers with 
previous biological clarification, (¢) under- 
ground seepage, which is not recommended. 
minimum dimensions, 


Construction types, 


operations and maintenance are specified. 
Use of 


settling tanks is considered economical. 


prefabricated concrete units for 
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Method of auscultation of structures by de- 
termination of the speed of sound (Methode 
d'auscultation des ouvrages par determination 
de la vitesse du son) 


M. R. L’'Hermitre, Memoires de la Societe des Ingenieurs 
Civils de France (Paris), V. 104, No. 7-8, July-Aug 
1951, pp. 390-412 


teviewed by Aron L. Mirsky 


A review of the sonic method of determin- 
ing elastic modulus and strength of concrete 
The 
method is extended to a study of cut stone 
and of rock in situ. 


and the presence of cracks and fissures. 


Design with prestressed concrete (in German) 


WoLrGgaNnG JaCOBSOHN, Schweizerische Bauzeitung, V 


70, No. 14, Apr. 5, 1952, pp. 193-199 
Reviewed by M. W 


JACKSON 


teview of theory and calculations of pre- 


stressed concrete sections, derivation of 


general theory, and application to different 
cross sections. Tables and charts comparing 


rectangular, T, inverted T, I, and unsym- 


metrical sections are included 


Charts 


I-shape 


also compare necessary depths of 
prestressed beams of several cross sections 
to conventional reinforced concrete beams, 
when both are subject to same bending mo- 


ments. 


New instrument measures concrete-reinforce- 
ment cover 


Commonwealth Engineer 
Feb. 1, 1952, p. 287 


Melbourne), V. 39, No. 7, 


ABSTRACTS 
ay 1952 


Hicguway Researcu 


An instrument to indicate the position of 


reinforcement in known as the 


‘ 


concrete, 
‘covermeter,”” has been developed by P. E. 
Halstead, Assn., 
London 


Cement and Concrete 

The covermeter operates by measurement 
of the reluctance of a magnetic circuit. It 
is intended to indicate primarily the distance 
of reinforcing bars from the surface of the 
concrete. It is possible to discover also the 


longitudinal axis of the reinforcement and 
its exact: location with considerable aceuracy, 
irrespective of the size of bar or type of 
steel commonly emploved 


The 


laboratory or 


apparatus has been designed for 
field use and is simple and 
It may be operated from 
The 
cover is indicated directly on a dial and the 


unskilled 


easy to operate. 


a-c mains or a 6-volt accumulator. 


instrument can be used by an 


operator 
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lightweight concrete 


Machinery for makin 
Fisatdliven von Leicht- 


block (Maschinen zur 
betonsteinen) 
Betonstein-Zeitung 
Apr. 1952, pp. 131-138 


G. Garporz, (Wiesbaden), 


No. 4, 


18, 


Various types of machines used in Germany 


for manufacturing of lightweight concrete 
block (in particular the hollow block type) 
are described. 


the block 


action of tamping and vibration. 


In the block tamping machines 
are compacted by the combined 

In machinery compacting block with the 
vibrating principle, the vibrations are gener- 
ated either mechanically or electromagnet i- 
cally. 

Block cutting machines operating at floor 
level deliver finished block without the need 
of liner boards. 


Statistical analysis of the stability of founda- 
tions 
5 3 


No 


SUTTON 


545, Nov 


Civil Engineering (London), V 16, 
1951, pp. 840-842 
APPLIED Revirws 


Craemer 


MecHANICS 
June 1952 


A given example of test results is examined 
Mean, 
limits are computed elaborately. 
the 
between strength and depth, as well as the 


standard deviation, and confidence 


For borings 
at variable depths, linear correlation 
corresponding confidence limits, are derived. 
The influence of the number of test results 


upon confidence limits, and, therefore, 


reliability of results is emphasized. Factor 
of safety is proposed to be based on statistical 


considerations 


Permafrost 


K. Terzacui, Jo 
gineers, V. 39, No 


irnal of Boston Society of Civil En 
1, Jan. 1952, pp. 1-50 

AppLiep Mecuanics Reviews 

Aug. 1952 (Werner 


Paper deals with problems encountered 
when changing the geothermal equilibrium 
conditions in frozen 


vermanently rround 
£ 


(permafrost). From a practical point of view, 
the most important features of permafrost 
are connected with volume changes due to 
freezing and thawing, and with loss of strength 
due to thawing. 
Study has four parts. First part is devoted 
to soil and ice characteristics having a direct 
Second 


part deals briefly with effect. of freezing and 


or indirect bearing on permafrost. 


thawing, including frost heave and 
Third 


permafrost, its prerequisites, origin, aggra- 
In the fourth 


creep, 


ete, part concerns the physics of 


dation and degradation, ete. 
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ol 
explorations for engineering purposes. 

Without 
using methods of refined mathematics, author 


part are discussed methods permafrost 


Paper is presented on broad lines. 


gives a clear picture of basic phenomena 


associated with permafrost. 


Pre-erected reinforcement for concrete struc- 
tures 

Engrneering 
pp. 701-792 


London), V. 173, No, 4508, June 20, 1952, 


Reviewed by Aron L. Mirsky 


the «novel idea’ of 


prefabricated welded units of reinforcement 


Describes erecting 


in advance of form construction Savings 


shear 


latter at 


weight of rein- 
the the 
expense Of a slight reduction, in some CusSes, 
Method, called the Frame- 
British 

(A description of the method, emphasizing 
the fact that 
this country, was published in Engineering 


Ne ws-Record, 1952, p. OS.) 


in time, labor, and 


forcement are claimed, 


in load capacity. 


weld system is, covered by patent. 


the method is not “novel” in 


Aug. 7, 


Analysis of arch dams of variable thickness 
W.A ASCE No. 129 


V. 78 


Perkins, Proceedir 
May 1952, 29 pp 


“separate 
\uTHOR’s SUMMARY 
rhe 


gained by 


that 
the 


abutments 


advantage can frequently be 
thickness of 


to 


increasing arch 
the 


larger moments has made it desirable to find 


dams toward allow for 
a workable expression for such thickening 
This expression must be sufficiently flexible 
to permit any degree ol thickening and, it 
addition, should be adaptable to mathe- 
These criteria were found 
the law of of 
made the the 
formulas and curves presented in this paper 


The 


complex, 


matical analysis. 
to satisfied 
thickness that 


be by variation 


wis basis for 


developed formulas long and 


but 


are 


their use has been made 


series ol abbre- 
the 


These formulas 


practical by a curves and 


viated formulas in which values from 
curves are to be substituted. 
and curves and an example of their use are 
given the the 
By the use of the simpli- 


following development — of 


general formulas. 


fied formulas and curves, stresses and 


flections can be computed analytically with 


slide rule, without the aid of tables or a 
computing machine. This simple procedure 
permits, much more readily, the selection of 
an arch of the most economical dimensions 


to fit given conditions. 
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Captain Cook graving dock, Sydney—de- 
watering, excavations, concrete work and 
backfilling 

W. Hupson and D. G. Bruce, Journal of the Insti- 
tution of Engineers, Australia, V. 24, No. 3, Mar. 1952, 
pp. 45-59 

Of particular interest in this article is the 
portion describing the concrete construction 
work of the dock, east wharf and a portion 
of the west wharf, pumphouse, power station 
and subsidiary works. 

Four grouting operations were carried out 
at the dock, but the bulk of the coneret 
dock 
parallel retaining walls, rising 68 ft. 


work was in the proper where two 
above 
their foundations, and an intervening floor 
slab at a minimum thickness of 5 ft 
built. 
Central 


handling, 


were 


bulk 


distribution 


mixing plant, cement 


concrete and place- 


ment, formwork, piles and precast work, and 


concrete control are described. 


Captain Cook graving dock, Sydney—fitting- 
out wharf of reinforced concrete, 250-ton 
crane foundations, and docking blocks 


C. R. Bickrorp, Journal of the Institution of Engineers, 
dustralia, V. 24, No. 3, Mar. 1952, pp. 65-85 


detail the con 
and the 


Deseribes in considerable 


struction of the fitting-out wharf 


250-ton crane foundations 
The wharf design followed more along the 


lines of bridge piers than normal wharf 


design. It consisted of a series of rigid 


frames with vertical evlindrical members 


10 ft apart, the frames being spaced longi- 
50-It 
interconnected by a 16 in. 


tudinally at the whole being 
thick deck 


50 ft wide, with deep beams to carry the 


centers, 


slab 


10-ton crane. 

The 250-ton hammerhead erane, although 
incorporated in the wharf, was disconnected 
The four 
foundation cylinders were set at 50-ft centers 


by expansion joints on either side. 


The maximum load on each cylinder is 2000 
tons dead, plus L000 tons live loa L. 


Effect of vibration on air content of mass con- 
crete 


Technical 
periment Station, 


Memorandum No. 6-345, Waterways Ex- 
Vicksburg, Miss., 18 pp 
AuTHor'’s SUMMARY 
Tests were made to observe the effect of 
high frequency (13,000 vpm) and moderate 
frequency (6800 vpm) vibration on concrete 
ranging from dry to wet consistency, con- 
taining 6-in. coarse aggregate, and having 
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nominal air contents of 3, 6 and 9 percent 


in that portion of the mix smaller than 11% 
in. Cores drilled from hardened specimens 
of the concrete with 6 percent air content 
were examined micrometrically for amount 
and distribution of air and coarse aggregate. 

The high frequency vibrator was found to 
cause more rapid loss of entrained air than 
the moderate frequency vibrator. However, 
either vibrator could cause a 50 percent loss 
in air from nominal 3 percent air content 
The rate at 
air was lost generally increased with slump, 
but not to a The 


lrequency vibrator had more effect in causing 


concrete in 30 seconds. which 


marked degree. high 


movement (escape) ol air, While the moderate 


frequency vibrator caused more movement 


(segregation) of the coarse aggregate. 


New concrete bridge with adjustable post- 
stressing at Villeneuve-Saint-Georges (in 
French) 


Henry Losster, Le 
1952, pp. 201-205 


Genie Civil, V. 129, No. 11, June 1, 

Reviewed by M. W JACKSON 
The bridge is of the cantilever type and 
256 ft, and 


The central span carries 


consists of three spans, 134 ft, 
134 ft, respectively. 
an independent suspended portion of 128 
ft. The deck is carried on a box beam with 
three compartments (parallel to the road- 
way). The over-all width is 46 ft. 
may be regulated at any 
the bridge 
has ample room in the box section for this 
The 
adjustable 


Post stressing 


time from the interior of which 


and = for inspection two principal 


reasons for the controls was to 


allow for variable behavior of the materials 
due to shrinkage, creep and flow, and to 
allow for future increases of live load 

The center suspended span was constructe | 
in place over one narrow pier of falsework 
and with a temporary truss supported on the 
ends of the prey iously completed cantilever 


arms 


Tests on concrete beams reinforced with 12- 
gage wires of an ultimate strength of 120 
tons per sq in. 


K. Hasnat-Konyi 


No. 9, Mar 


Vagazine 
1952, pp. 113-129 
UMMARY 


Two beams of 8 x 18 in. cross section, 12 


ft long, reinforced with twenty-eight 12- 


gage wires of an ultimate strength of 120 


tons per sq in. were tested to failure on a span 


of 11 ft. The conerete cube strength was 
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3990 and 5400 psi respectively. In both cases 
failure occurred by fracture of the reinforce- 
ment although the wires were not prestressed. 
Strain measurements taken at various stages 
of loading show a linear distribution. 
The 
higher than 


actual steel stress at failure was much 
the the 
stress-strain diagram of the steel on the basis 


obtained from 


stress 


of the average strain measured at 97 percent 


of the maximum load. 


New Berlin Foehrer bridge of prestressed con- 

crete construction (Die neve Berliner Foehrer- 

bruecke in Spannbetonbauweise) 

H. W Bruecke und Strasse (Berlin), V 

9/10 1951, pp. 207-209 
Reviewed by 


HeNSsEI 
Sept.-Oct. 


3, No 


Anon L. Mirsky 


General description ol design and construe- 
tion of this prestressed reinforced concrete 
rigid frame bridge over the Berlin-Spandau 


barge canal in Berlin Bridge, on a slight 
skew, consists of two parallel structures sep- 
arated by a longitudinal joint; each is two- 
ribbed, slab 
carrying street car tracks on inside, on canti- 
Kither end of 137.4-ft center 


34.6-ft 


with sidewalk on outside and 


lever brackets 


Span of frame ends in a cantilever, 


tied to bottom of slender legs by tension tie. 


Result is frame acts as if legs were hinged at 


the bottom. Horizontal members of frame 


Dyckerhoff- 


is prestressed 


are prestressed longitudinally by 
Widmann 


transversely 


and slab 


tests 


system, 


> loading verified design 
assumption that prestressed deck and frame 
act Vertical deflection at 
is stated to be 


minus 0.044 In 


would together 


load 


span) 
pun), 


live 


2500 of 


under 
0.77 in. (1 


crown plus 


The foil 
Engineer 
1952, p 
5042, Sept 


strai 


n gage 

Londor \ 174, No 
266; The Engineer (Lond 
12, 1952, p. 348 
Reviewed by Aron L. Mirsky 


Describes electric resistance strain gages 


consisting of lead foil “printed” thin 


Advant ives 


onto 4 


lacquer film. Claimed include 


better performance (thinner base, wider 


sections connecting ends of grid), higher 
sensitivity (increased heat dissipation, hence 
flexi- 


higher permissible currents), increased 


bility, simplicity of waterproofing (no details 
given on this unfortunately), decreased vul- 
nerability to mechanical damage, and larger 
Provided 


given 


selection of shapes and patterns. 
data 


this), these gages would seem to offer possi- 


trimmed sizes permit (no on 


bilities in reinforced concrete experimentation. 


REVIEWS 347 


Circular hangars of reinforced concrete at the 
Grimbergen-les-Bruxelles airport (in French) 
Le Genie Civil, V. 129, No. 16, Aug. 15, 1952, p. 313 


Reviewed by M. W. Jackson 
hangars con- 
of 162 ft. The 
central part of the roof is a dome, 72 ft in 

Around the of the 
a cantilevered roof tilting upward 


Two circular aircraft were 


structed with a diameter 


diameter. periphery 


dome is 


toward the outside. The entire structure is 


carried on four columns equally spaced. 


Around the periphery is a series of rolling 


doors with glass windows. The form adopted 


was such that bending stresses were elimi- 


nated. Compressive stresses are carried by 


radial reinforcing bars and tensile stresses 


Thick- 
of the 


by bars placed in concentric circles 
of the 


ness dome is 3 in., and that 


cantilevered roof varies from 4 to 5 in 


Siphon can test for measuring moisture content 
of aggregates 

I. D. Melwrosn, ¢ 

V. 25, No. 2, June 1952 


Australia), 


SUMMARY 
Phe 


met hod oO 


siphon ecun : i displacement 


mit content 


the 


wuring the momsture 


ol concrete aggregates In addition to 


siphon can itself, the only apparatus re- 


quire | is a bal ince, oe welght ind a me isur- 


ing evlinder \ test can be compl ted in less 


than three minutes and readings of moisture 


content iv be obtained with ileulation 


by 
Mmecasuring 


conditions 


mH nual 


fitting a special transparent seale to the 


evlinder | 


indicates 


xperience under site 


that the test is a con- 


venient and practi il method for use in con- 


trolling the quality ol concrete The method 


Is sensitive to variations in aggregate 


Mob- 
ture content equIy ilent to a ch ige 
0.01 by 


in water- 


cement ratio of about weight for 


conerete with a wyregate rato 


1:6 by 


cement ol 


weight 


Nondestructive concrete testing methods (in 

Dutch 

4.8 Mervers, Cement Armsterd 

Mar. 1952, pp 

R. A. J. BossHart ement materdas V4 

17-18, June 1952, pp. 316 
Reviewed by J. W I 


15-16, 


2s0)-2 ’ 
No 
$18 

Van Erne 
Test 


determination of 


methods deseribed Acoustic 


are (] 
the (dynamic) modulus of 


elasticity by measurement of the speed of 
by 
(2) 


Hardness test through measurement of ball 


of longitudinal 


of 


propagation waves or 


measurement resonance trequency, 
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impression diameters similar to the Brinell 
test, (3) Hardness test through measurement 
(4) Measure- 
ment of rebound by means of the concrete 


of ball-impact diameter, and 


hammer test. 

The primary purpose of these tests was to 
establish a definite correlation between the 
observed quantities (modulus of elasticity, 
and the 


quantity to be measured; concrete strength. 


hardness or whatever) desired 
The tests on air-entraining concrete indi- 
cated greatest consistency in the concrete 
quality throughout the structure. The re- 
bound with the hammer 
showed the greatest consistency of readings 


tests concrete 
combined with the ease of taking a multitude 
The trend to- 
methods is 


of readings in a short time. 


wards nondestructive testing 
gaining rapidly in Europe as is also shown 
by the recent report on these testing methods 


by the D.A.F.St. (Germany). 


Vibrated concrete and mortar cubes: distribu- 
tion of compressive strength 
rk. H. Wiitiams, Magazine of Concrete Research, V. 3, 
No. 9, Mar. 1952, pp. 107-112 
AUTHOR'S SUMMARY 
This paper studies the variation in com- 
pressive strength of vibrated mortar cubes 
Within each of the four series of tests (two 
mortar and two concrete) the water-cement 
ratio was constant, but varied from series to 
series. The effect on compressive strength 
of varying the grading of the fine aggregate 
The mixes (in- 
ratio) in the 
identical, but in 


in concrete was observed. 


cluding water-cement two 


mortar series were one 
series the mortar was vibrated to complete 
compaction by an electro-magnetic vibrator 
and in the other mortar series a vibrator of 
the type described in British Standard 1 


(1947) was used for the specified time of 


2 
2 


min. for each cube. 
The coefficient of 


strength was found to be less than 4 percent 


variation of concrete 
and that of mortar strength to be more than 
5 percent. 

It was determined that wide variations in 
fine aggregate grading had no effect on dis- 
persion of the values of the compressive 
strength of concrete. The two methods of 
compaction used for mortar cubes resulted in 
widely different mean compressive strengths 
but the coefficients of variation obtained for 
the two series were similar. 
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Handbook of engineering fundamentals 


Ovip W. Esnpacnu (editor), 2nd Edition, John Wiley 
& Sons, Inc., New York, N. Y., 1952, 1332 pp., $10 


This handbook 
of the 
and chemistry, the properties and uses of 


is essentially a summary 


principles of mathematics, physics 
engineering materials, the mechanics of solids 
and fluids, and the commonly used mathe- 
matical and physical tables, to which has 
been added a discussion of contractual 
relations. 

Changes in the second edition include the 
following. The engineering tables have been 
enlarged to include standard structural sizes 
and 
The table 
on standards and symbols has been brought 


up to date. 


for aluminum, and data on tangents 


offsets for use by civil engineers. 


The treatment of mathematics 
has been revised considerably. 
Since the first edition, some of the units 


and international standards have been 


clarified or changed. The revision Incorpo- 
rates gives greater em- 
MKS and 


rationalized MKS systems of units. 


these changes and 
phasis to the more widely used 


The section on fluid mechanics has been 
divided into two parts and completely re- 
written; the first places major emphasis on 
hydraulies, the deals 
The section on and 


magnetism has been completely revised, as 


second with aero- 


dynamics. electricity 
have the sections on metallic and nonmetallic 
engineering materials. The section on engi- 
neering law has also been rewritten. 


A new idea for better concrete 
Wituram J. 


70-73, 92-94 


ANDERSON, Public Works, Sept 1952, pp 


teviewed by M. W. Jackson 


A method to obtain concrete with strength 
of 8000 psi or more is described in detail 
with 


and numerical 


paste of cement and water mixed separately 


charts examples. A 
is added to surface-dry sand and _ surface- 
dry coarse aggregate in the usual mixer. 
The 
mixing to meet the requirement of surface- 
dryness. No 


sand may have to be dried before 


water is 
The 
amount of water used in mixing the paste is 
only that amount to fill the voids in the 


additional mixing 


added besides that used for the paste. 


cement, about 3.5 gal. per bag. The con- 
crete must be vibrated and/or compacted 
in place to obtain the required strength. The 


method described is patented. 
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Use of fly ash in concrete (SiO.—stov som 
cementtilsetning) 


C. J. Bernuarpt, Betongen Idag 
Apr. 1952, pp. 29-53 


Oslo), V. 17, No. 2, 


Reviewed by E1vinp HoGnestrap 
Fly 


replacing up to 30 percent of the cement in 


ash has been used as an admixture 


tests of concrete made at the concrete lab- 
oratory of Norway’s Institute of Technology. 
The effects of such replacements were in- 
vestigated for various mixes with respect to 
compressive strength at 7, 28 and 90 days, 
the 
same ages, and finally with respect to storage 


resistance to freezing and thawing at 


ina 10 percent sodium sulfate solution. 

The efficiency 
compressive st rength divided by cement con- 
This effi- 


ciency of the cement was found to increase 


of a cement is defined 


“as 


tent per unit volume of concrete. 


with the percentage of fly ash replacement. 


Even the efficiency of cement plus fly ash 
increased up to a replacement of 10 to 15 
These 


particularly pronounced for lean mixes. 


percent. increased efficiencies were 


The tests also indicated that resistance to 
freezing and thawing as well as resistance to 
storage in a sulfate solution increased up to a 
replacement percentage of 10 to 15. 


Reference handbook for construction engi- 
neers, architects, builders, superintendents of 
construction and building construction foremen 


H. G. Rieney, New Orleans, La., 1951, 1640 pp., $10 


There has been brought together in this 


handbook information on many and varied 


aspects of building practices. The contents 


have been arranged for ready and con- 


a large amount of the in- 
to 


venient reference, 


formation being reduced tabular form. 


The information is presented in a concise 


manner, and free from long and intricate 


often somewhat of a 


the 


formulas, although 


general nature, as in manner of a brief 


eney clope lia. 
Although information 


thar 


some of the pre- 


sented is based on investigations have 


been superseded by more recent work, much 
of the material has been based on the practical 
the author. 


the 


experience ol Some items in 


that portion ol book covering concrete 


and concrete construction somewhat out- 
dated the 


have been covered more comprehensively in 


“ure 


by newer codes and, of course, 


those manuals concerned only with con- 


creting practices. 
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The book has been divided into 23 general 
classifications, with these broken down into 


more detailed sections. The general classi- 


fications include: duties of construction 


engineer or superintendent; foundations; 


waterproofing; building stones; stone, marble 
and tile wor k; brickwork; limes and cements; 
mortar and concrete; concrete construction; 
fireproofing; iron, steel, sheet metal and 
roof work; carpentry; timber and lumber; 
lathing and plastering; painting; plumbing; 
and ventilation; electrical 


heating wiring; 


and several miscellaneous classifications 


Vibration of concrete (La vibration du beton) 
Paris), 1952, 200 pp 
translated into 


G. Barceo, Editions Eyrolles 
about $3.90 (Original in 
French by M. J. Ricouard 


Reviewed by | \ 
The the 


vibration in the technology ol conerete, and 


Spanish 


ABDUN-NUR 


author discusses Importance ol 


only to the con- 
to the 
technician and the manufacturer of vibrators 


the book is of interest not 


struction man, but also laboratory 

After summarizing basic concepts relative 
to concrete, the author points out the primary 
role of vibration of concrete to obtain a con- 
ol an 
He detail 
the problem of molds and forms for vibrated 
After the 


vibration, he 


struction material high quality in 


economic Manner discusses in 


concrete. presenting theory of 


presents diverse applications 
of this compacting procedure 


Various types of vibrating equipment: 


surface vibrators, form vibrators, internal 


vibrators, vibrating tables, are given detailed 


study. The author indicates various methods 


of utilizing vibration in mass concrete, slabs, 


columns, thin coverings, ete An important 


section discusses conerete pavements and 


airfield runways 
The last chapter considers various tech- 
niques related to reinforced 


concrete, pre- 


aerated ind 


The 


“Recommendations 


stressed concrete, eoncrete, 


Prepakt eoncrete book closes with a 
entitled 
of Vibration,” 


guide, simple and condensed, 


section for the 


[Use which constitutes a clear 


to assist in the 


use of vibration with maximum effectiveness 
The author relates the question of vibra 
the 
be resolved in concrete construction. 


the 


tion to each of problems that have to 


He h - 
succeeded in giving reader a wide and 
comprehensive viewpoint which permits the 
latter to realize the fundamental Importance 


and usefulness of the vibration technique 
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Deflections, moments and reactive pressures for 
concrete pavements 

G. Pickett, M. E. Ravitte, W. C 
McCormick, Kansas State College 
Oct, 1951, 73 pp. 


Janes and F, J. 
Bulletin No. 65, 


Apptiep Mecuanics Reviews 
June 1952 (Smirnoff) 
Authors have considerably extended the 
solution of equations pertaining to large con- 
crete slabs supported on subgrades assumed 
to behave as a dense liquid or an elastic 
solid of finite or infinite thickness. The work 
done by H. M. Westergaard, 
A. H. A. Hogg, and others, has been carried 
to the extent of giving numerical tabulations 
of the results and preparing 24 charts for 
graphical evaluation of quantities for desired 
combinations of loading. 


previously 


The assumption of a constant modulus of 
subgrade reaction for the elastic solid sub- 
grade, based on Poisson’s ratio of 0.4, appears 
the 
obtained by other investigators from plate- 


to be in good agreement with results 


bearing tests. 


Method of studying the formation of cracks 
in a material subjected to stress 
R. Jones, British Journal of Applied Physics, V. 3, 
No. 7, 1952, pp. 229-232 
CERAMIC ABSTRACTS 
Oct. 1952 (Ashworth) 
The method was developed to determine 
the onset of cracking in specimens of con- 
crete subjected to tension or compression. 
It consisted in measuring the velocities of 
ultrasonic pulses in axial and/or transverse 
directions. In compression, the velocity was 
constant up to the point of failure in the di- 
rection of but in the 
direction the velocity was reduced at only 
a fraction of the ultimate load and decreased 
as the load increased. This indicated that 
cracking occurred internally parallel to the 
direction of 


loading, transverse 


loading. In tension, fracture 
was preceded by a small amount of cracking 
at right angles to the direction of loading. It 
is considered that the method might also be 
applicable to the study of the internal be- 
havior of test pieces of a 


stressed more 


homogeneous nature. 


Faults in concrete structures 


P. G. Bowte, The Structural Engineer (London), V. 30, 
No. 3, Mar. 1952, pp. 51-54, and V. 30, No. 8, Aug. 
1952, pp. 184-187 

Reviewed by M. W. Jackson 


Experience of past 50 years in general in- 
dicates an adequate reserve strength and 
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sufficient durability inside a structure. Some 
modifications of standards may be desirable 
where the structure as a whole or in part is 
exposed to weather. 

Inside buildings the most obvious fault is 
with 


floor finishes. The finish may partici- 


pate in carrying stresses not anticipated. 


Cracks in floors at supports and near stair 

landings in old buildings are common. 
External frost 

action, leaching of concrete by water seep- 


damage may be due to 
age, and spalling due to corrosion of rein- 
External 
columns at floor level frequently show dam- 


forcement after water reaches it. 
age, possibly due to congested reinforcement, 
column bars cranked and spliced, high bond 
stress, and movement of building due to 
moisture and temperature change and foun- 
dation settlement. 

More cover for steel than specified in early 
rulings is desirable for corrosion protection, 
for better consolidation of concrete around 
steel with less chance of porosity and honey- 
resistance to moisture 
that 
workmanship will bring bars near surface. 
The ACI 1l4 in. minimum 
cover and requirement that all reinforcement 


combing, greater 


penetration, and less chance careless 


provisions of 


shall be adequately secured in position by 
concrete or metal chairs or spacers is better 
in this respect than British practice. 

For the concrete covering on the outside of 
a building the 
instead of 2 in. 


author recommends 3 in. 


For repair of old buildings, 


new formwork and concrete were recom- 


mended in preference to the blown-on method 
or to plastering. 


New method of chemical grouting to solidify 
loose ground (in Japanese) 

M. Numata, T. 
actions, Japan Society of Civil Engineers, No. 12, Feb. 


Maruyasu and T, Kurosakt, Trans- 
1952, 25 pp 
AuTHORS’ SUMMARY 
Cement grouting has been commonly used 
to solidify loose ground or to check ground- 
water leakige in the course of excavation or 
other types of construction work. In cement 
grouting, however, cement particles in the 
grout form a so-called suspension, and the 
grout can penetrate neither into tiny seams 
of rock that the 
particles, nor effectively into sand. 


are smaller than cement 


A method used successfully in such a case 


is chemical injection in which suitable 


chemicals that are originally in a_ liquid 
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state are injected and made to coagulate 
after injection to effect solidification. 
Heretofore, a combination of sodium 
silicate (NaSiOs;) 
(CaCl.) has 
But this 


concerning the procedure of injection. In 


caleium = chloride 
this 


drawbacks 


and 


been used for purpose. 


method has several 
chemical essential 
both 


grouting it is to inject 


chemicals simultaneously througa one 


injection pipe either by mixing them before 
pumping or by using two pumps, which is 
not possible with the foregoing combination. 


Moreover the coagulation time should be 


easily controlled. 


To develop higher strength of the solidi- 


fied layers, a more concentrated solution 


f sodium silicate is required. The viscosity 
of a sodium silicate solution increases greatly 


is the density increases, so it becomes more 


satistactory 
This has 


problem in injection of chemicals that con- 


penetration 


difficult to effect a 


in narrow voids been another 


sist mainly of sodium silicate. It is necessary 


to reduce the viscosity without Lilecting the 
strength and othe prope rties of the chemicals 

To solve the above problems, the authors 
method of a combination of 


devised a using 


sodium silicate and sodium = aluminate, 
adding, according to the necessity, a certain 
amount of NaOH to stabilize the reaction of 
these chemicals. 

From the results obtained both from basic 
laboratory tests and field experiments, the 
authors believe that this method of chemical 
injection is able to give a practical solution 
to such problems as the coagulation time 
and solution, 


both of which had been difficult to control. 


viscosity of sodium. silicate 

The authors’ method is being employed 
satisfactorily in the construction of a tempo- 
rary cofferdam at a big dam project where 


there is a 15 m deep layer of gravel. 


Compromise permitting consideration of con- 
crete in tension (in French) 


A. Covarp, Le Genie Civil, V 


° 129, No. 9, 
pp. 171-172 


May 1, 1952, 


teviewed by M. W. Jackson 


Scepticism is expressed of the possibility 
of widespread adoption of “limit design.” 
Existing customary design principles are 
not entirely adequate because of technical 
progress in all stages of reinforced concrete 
construction. A compromise is proposed, 


not as a revolutionary theory, nor claiming 


any particular exactitude; it is believed only 
that the consequences are practically accept- 
able and that current practices will not be 
disrupted. It 


consists simply of reducing 


the tension reinforcement by the amount 
that appears to be carried by tension in the 
concrete 

The resistance to cracking is a function not 
only of the rate of loading of the tension 
steel, but more of the quality of the concrete, 
ratio, and of shrinkage 


difficult’ to 


results ire 


of the water-cement 
Che 


determine, the 


beginning of cracking is 
experimental 
st ittered, and the shrinkage alone often is 
sufficient to cause the 


load The 


early, and nothing should be done 


initial cracking with 


out any concrete may be cracked 


to change 


rules regarding stirrups at this time Under 


the Se conditions the conside ration of tension 


concrete should not enter into the determi 


With other 


ind even questionable 


nation of the neutral 


ipproximate ISSUMp 


tions in design, the 


following rule is suggested 


At the end of the calculations when the 


tensile steel is to be ae termined, a the eon 


crete below the neutral axis is considered to 


exert a tension The resultant tensile force 


Is situated at the mid height of a rectangle 
from the neutral axis to the bottom face of 
the beam, forming a resisting couple with 
arm to the centroid of the usual triangle of 
This 


relieves the resisting moment carried by the 


compressive stress. couple partially 


steel and permits a reduction in the steel area 
A numerical example is given, using an 
allowable tensile stress of 1/10 of the allow- 


able compressive stress. 


Simplification of the Cross method for the cal- 

culation of flexible structures (in Portuguese) 

J. F. Da Strva, Jr., Inst. Pesq. Technol. Sao Paula 
Publication No. 435, 1951, 18 pp 

ArppLigep MercHANICS 

Apr. 1952 


{eVIEWS 
Sciammarella 

This paper explains a method which can 
be considered cone of the advanced forms of 
It is 
possible thus to avoid the resolution of the 


the simplifications of the Cross method 


system of n linear equations (if n is the 


number of independent translations), and 
therefore to realize the n +4 


The 


The joints are assumed to be fixed against 


| compensations 
principles of the method are: (1) 
rotation, and the structure restrained against 
Moments on the two 
(2) The 


sidewise movements. 


fixed-end beams are calculated. 
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unbalanced fixed-end moments of the joints 
are distributed among the connecting mem- 
bers in proportion to their stiffness. (3) 
Relations between end moments and between 
relative displacements of the ends of the 
members are found and combined into one 
expression; 2M = C. 
sulting from distributing 
fixed-end 


(4) The moments re- 
the 
the joints will 
satisfy generally the relations which have 
been previously Then it is 
necessary to introduce moments for compen- 


unbalanced 


moments of not 


determined. 
sating these differences. (5) The carry-over 
moments are added to the “compensating” 
moments, and both of them are then dis- 
tributed as in the first step. 

This process is repeated until the nec- 
essary corrections and carry-over moments 
The illus- 
trations include numerous examples of the 
application of the method to different types 
of structures. 

Although 
corrections of artificial joint restraints have 
the 
advantage of being much more simple and 
this 
seems to be useful for those engineers who 


are small enough to be neglected. 


similar methods of successive 


has 


been used, the proposed method 


more general. Therefore modification 


prefer the Cross method. 


Frost action in soils—A symposium 


Special Report No. 2, Highway 
385 pp 


Research Board, 1952, 

The symposium on frost heave and frost 
action in soil deals with a variety of subjects 
under seven general classifications. 

Two papers are on climate and distribution 
of soil. The paper relating soil profiles to 
climate makes brief mention of the five soil- 
forming factors, but emphasizes the climatic 
variable. The paper on climatic aspects of 
frost heave discusses climatic and geographi- 
cal data from the standpoint of distribution 
of frost heave elements in predicting the tim- 
ing and severity of frost heave forces. 

The group of papers on soil temperature and 
thermal properties of soils is initiated by a 
review of the literature on soil temperatures, 
with bibliography. One paper reports field 
measurements of soii temperatures in Indiana. 
The paper on thermal conductivity and dif- 
fusivity of soils presents a method for measur- 
ing these thermal properties, while the paper 
on the thermal conductivity probe presents a 
different technique. 
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A large group of papers are devoted to soil 
moisture and moisture movements. 


of deal with 
moisture content and include discussions of 


Several 
these methods of measuring 
plaster-of-paris electrical resistance method, 
the nylon electrical resistance method, and 
the measurement of soil moisture density 
One 
paper discusses soil moisture and tempera- 
ture measurements by a heat diffusion cell. 
Three papers in this section are devoted to 
moisture content of 
airport and highway subgrades, while one 


by neutron and gamma ray scattering. 


actual measurement of 


paper discusses capillary moisture. 
Fight under the 
general heading of basic data pertaining to 


papers are presented 


frost action. The paper on heat transfer and 
in 
laboratory study of transient heat, while the 


temperature distribution soils covers a 
paper on thermal properties of soils discusses 
the yarialhies of temperatures, density, soil 
moisture content, texture, mineral composi- 
Another 


analyzes the data and concepts that have 


tion, and soil structure. paper 
come out of recent clay-mineral researches 
pertinent to frost action and frost heaving 
included this group 


solifluction, slump, and instability of slopes; 


Two papers are in on 


and one paper deals with a method of c¢al- 
culating the depth of thaw in frozen ground. 
The study data 
tests being performed for the purpose of im- 


laboratory includes from 
proving design of pavements constructed on 
soils subject to seasonal freezing and thawing. 
One paper on permafrost includes identifi- 
cation of various types by means of aerial 


photographs. 


The spring 
break-up include information on extent of 


papers on trost’ action and 
frost heave damage to roads and airfields in 
various sections of the country. Two papers 
are included on load-carrying capacity, one 


on roads, the other on airfields. 


An important addition to the symposium 
is the group of papers on remedies and treet- 
ments. Calcium chloride treatment of sub- 
grades and bases is covered in one review 
paper. Design practices for controlling the 
effects of frost 


cussed for various states. 


action and remedies are dis- 


The symposium closes with two papers on 
needed research pertaining to frost action 
and related phenomena. 
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SYNOPSIS 


This revised specification sets forth recommended loadings, including pro- 
vision for both wind and earthquake, for the design of reinforced concrete 
chimneys and recommended methods for determining the stresses in the con- 
crete and reinforcement resulting from these loadings. The method of analysis 
includes determination of the stresses at horizontal cross sections where flue 
or other openings occur as well as at sections where the cross section is an 
annular ring. Charts containing curves to aid in the rapid solution of the 
specified formulas are included. While the method of analysis applies prima- 
rily to chimneys, it can be used for other hollow circular cross sections, with 
or without openings, where the shell thickness is small in proportion to the 
diameter. 

Formulas are recommended for determining the temperature gradient 
through the concrete resulting from the difference in temperature of the gases 
inside the chimney and the surrounding atmosphere, together with methods 
for determining the stresses in the concrete and reinforcement both vertically 
and circumferentially due to the temperature gradient through the concrete. 

Formulas for combining the stresses due to dead, wind, and earthquake 
loads with the stresses due to temperature are included in the specification, 
together with recommended allowable stresses in the concrete and reinforce- 
ment for the various stress combinations. 

The specification covers the mixing and placing of the concrete by reference 
to the ACI “Building Code Requirements for Reinforced Concrete” (ACI 
318) with supplemental provisions to take care of the special requirements for 
concrete chimneys. 

The specification alyo includes recommended practice for linings for con- 
crete chimneys, where required, for lightning protection, access ladders, and 
other chimney accessories. 

In an appendix many of the equations used are derived and the assumptions 
on which they are based are given. 

*Title No. 49-26 is a part of copyrighted JourNAL or THe AMERICAN Concrete Instirere, V. 24, No. 5, Jan 
1953, Proceedings V. 49. Separate prints are available at 75 cents each. Diseussion (copies in triplicate) should 
reach the Institute not later than May 1, 1953. Address 18263 W. McNichols Rd., Detroit 19, Mich 

This report was submitted to letter ballot of the committee which consists of 7 members; 7 members returned 
their ballots of whom 5 have voted affirmatively and 2 voted negatively. It is released by the Standards Committee 


for publication and discussion with view to its consideration for adoption at the 49th Annual Convention, Boston 
Feb. 17-19, 1953 
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INTRODUCTION 


The original Committee 505 submitted to the Institute a ‘‘Proposed Standard 
Specification for the Design and Construction of Reinforced Concrete Chim- 
neys,” an outline of which was published in ACI Proceedings, V. 30, Mar.-Apr. 
1934. Notice of the adoption of the original specification, unrevised, as a 
tentative standard, Designation 505-36T at the Institute’s 32nd annual 
meeting in Chicago in February, 1936, appeared in ACI Proceedings, V. 32, 
1936. The tentative standard was published in full by the Institute, but has 
never been adopted as an Institute standard specification. In May, 1949, 
Committee 505 was reactivated to revise the tentative standard specifica- 
tion embodying modifications which have been found desirable in the many 
years it has been in use. 


The tentative standard specification has been completely rewritten and re- 
arranged. The basis of design is essentially unchanged but due to the pre- 
vailing use of higher strength concrete with higher moduli of elasticity, curves 
for n = 8 have been included and those for n = 15 have been deleted. 


The tentative specification dealt with the stresses due to earthquake on the 
basis of cantilever action of the mass of the chimney above any horizontal 


section. Experience has indicated that this procedure provides adequate 
strength and stiffness for the lower fifth of a chimney but that the upper 


portion of chimneys designed on this basis may develop cracks when sub- 
jected to earthquake forces. This presumably is due to whipping action and 
the revised specification gives a method of determining the stresses in the 
upper four-fifths of a chimney on an empirical basis. 


The section dealing with the temperature gradient through the chimney 
lining and the chimney shell has been completely revised and extended to 
cover varying kinds and thicknesses of linings and both unventilated and 
ventilated air space between the lining and the concrete shell. 


Both the present tentative standard and the revised specification are 
written on the basis that it is advisable to include a definite method for de- 
termining the more important stresses in a reinforced concrete chimney with 
definite limits for the stresses so determined even though the accuracy of the 
method of determination may be subject to further study and the value of 
specified constants may well be subject to the results of further experimental 
and test data. 


The committee urges members of the Institute and the engineering pro- 
fession as a whole to offer constructive criticism along these lines. In par- 
ticular the committee would like to receive data covering tests or experi- 
ments which bear on the true temperature gradient through chimney linings, 
air space and the chimney shells. Despite the long period during which the 
importance of this factor has been recognized, very little data are available. 
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SECTION 1—GENERAL 
100—Scope 


(a) This specification covers the design and construction of reinforced 
concrete chimneys. The specification includes provision for linings, their 
support, and their effect on the stresses set up in the concrete shell due to 
temperature. Requirements governing the adequacy of lining materials 
to resist temperature and abrasive or corrosive action of chimney gases are 
considered outside the scope of this specification. 
101—Drawings and computations 

(a) Drawings of the chimney and its foundation shall be prepared showing 
all features of the work, including the thickness of the concrete chimney 
shell; the size and position of all reinforcing steel; the type, thickness, supports, 
and flashings for the chimney lining, if required; and complete information 
on all chimney accessories. If the design is prepared by the chimney con- 
tractor, he shall, if requested, furnish copies of computations on which the 
design drawings are based. These drawings shall be approved by the engineer 
representing the owner before any construction work is undertaken. 
102—Regulations 

(a) The design and construction of the chimney and its foundation shall 
conform to the requirements of all ordinances and regulations of authori- 
ties having jurisdiction. If such requirements permit less conservative 
design or construction procedure the requirements of this specification shall 
govern. 


SECTION 2—MATERIAL AND TESTS 
200—General 


(a) All materials and tests shall conform to the American Concrete In- 
stitute “Building Code Requirements for Reinforced Concrete” (ACT 318) 
except as specified otherwise. 
201—Cement 

(a) The same brand and type of cement shall be used throughout the 
construction of the chimney. 
202—Aggregates 

(a) The maximum size of the aggregate shall be not larger than one-eighth 
of the narrowest dimension between forms of the member for which the con- 


crete is to be used nor larger than one-half the minimum clear spacing be- 


tween reinforcing bars. 

(b) Aggregates susceptible to acid attack shall not be permitted except 
where acid attack on the concrete of the chimney shell is negligible or where 
the concrete is adequately protected against acid attack.* 


*High sulfur coal, heavy oils, refinery sludge, and similar fuels produce sulfuric and sulfurous acids in the chimney 
gases due to the combination of the sulfur and water during combustion. Similar acids exist in most flue gases, 
but to a much lesser extent where fuels of low sulfur content are used. These acids condense on the chimney walls 
when the gas temperature drops below the dew point. Wherever conditions indicate the formation of acids in 
sufficient quantity to attack concrete, reinforced concrete chimneys should be lined full height with materials 
suitable to withstand the corrosive conditions which prevail, the arrangement and details of the lining being such 
as to protect properly the concrete of the chimney shell. Consideration should also be given to the protection of 
the outside surface of the chimney shell near the top, by means of suitable coatings, since rain combining with 
soot deposits on the chimney cap and downdrafts carrying soot and flue gas tend to form dilute acids on the wetted 
outside surface of the chimney shell 
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203—Metal reinforcement 

(a) Reinforcing bars shall conform to the requirements of the “Standard 
Specifications for Billet-Steel Bars for Concrete Reinforcement, ASTM 
Designation: Al5,”’ and shall be deformed bars of the intermediate or hard 
grade. 
204—Linings 

(a) Unless otherwise specified, where chimney gas temperatures do not 
exceed 800 F, brick for chimney linings shall be hard burned shale or clay 
brick conforming to “Standard Specifications for Building Brick, ASTM 
Designation: C62,’ Grade SW, and whether rectangular or radial shall be 
without perforations. 

(b) For chimney gas temperatures exceeding 800 F, firebrick linings shall 
be used having characteristics in accordance with the manufacturer’s estab- 
lished data to meet the required service conditions. 

(c) For highly corrosive chimney gases special brick shall be used to meet 
the required service conditions. 
205—Tests 

(a) Laboratory tests of materials as called for by this specification shall be 
either by the Owner or the Contractor as agreed upon. The Contractor 
shall arrange for all field tests and the preparation of field specimens required 
in connection with the tests and shall co-operate in every way in furnishing 


materials and samples in ample time for the carrying out of the tests required. 


SECTION 3—DESIGN OF FOUNDATIONS 
300—General 


(a) The chimney foundation shall be designed in accordance with the 
American Concrete Institute “Building Code Requirements for Reinforced 
Concrete” (ACI 318). 

(b) The allowable unit bearing values for the soil or piles supporting chim- 
ney foundations shall be consistent with sound engineering practice based 
upon adequate subsoil investigations. Particular care shall be observed to 
avoid unequal settlement causing tilting of the chimney. Wind loads and 
earthquake loads need not be considered as acting simultaneously. * 


SECTION 4—DESIGN OF CHIMNEY SHELL 
400—General 

(a) For derivation of equations given in this section see appendix. 

(b) The chimney shell shall be designed to resist the stresses due to the 
weight of the chimney, the force of the wind on the chimney, the effect of 
temperature both vertically and circumferentially, and, in localities where 
earthquakes are likely to occur, for the effect on the chimney of earthquakes. * 

*Recorded severe earthquakes have not occurred simultaneously with high winds so it is generally accepted that 


structures need not be designed for the stresses caused by both wind and earthquake, as if acting at the same time. 


*#The values in Table 1 are computed on the basis of the velocity pressure, height and shape factors given in the 
American Standards Assn. Specification A5S8.1-1945 “Minimum Design Loads for Buildings or Other Structures,’ 
but the minimum design wind pressures specified for chimneys are based on a gust velocity of 100 mph at 30 ft 
above ground instead of 75 mph, which is the basis of the tabular values for the minimum design wind pressure 
on buildings given in Section 5-1 of the ASA specification, 
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(c) Stresses shall be computed by TABLE 1—RESULTANT PRESSURES AT 


: : VARIOUS HE!IGHTS?t 
the methods and formulas set forth 
herein and shall not exceed the per- ees * aaa 


missible stresses hereinafter specified 


0-50 20 


. . art — s+ ' 4 > 50-100 24 
for the various conditions stated. By +4 


The wel P wary : ateri: 200-300 30 
(d) The weight of various materials ate = 


shall preferably be determined by = = 


weighing sample construction. Other- ay A = 

Wise typical materials shall be consi- 

dered to weigh not less than the 

following: stone or gravel concrete —150 Ib per cu ft; solid brick lining—125 
Ib per cu ft; and fire brick lining—-130 Ib per cu ft. 

(e) The force of the wind on a chimney of circular cross section shall be 
taken as the resultant of the horizontal pressures on its projected area con- 
sidered as bands of uniform loading applied to the chimney within height 
zones, in accordance with Table 1.¢ These wind pressures shall be considered 
as minima. For locations where weather bureau records indicate maximum 
5-minute average velocities in excess of 67 mph, the recorded maximum 5- 
minute average shall be corrected to the value representing the velocity at 
30 ft above ground level. This value shall be increased 50 percent to represent 
gust velocity. For such locations or where gust velocities in excess of LOO 
mph are anticipated, the tabular values for the force of the wind on the chim- 
ney shall be increased as follows: 


fm | <x Tabular Values 
Where 


Gmaz Maximum gust velocity recorded or anticipated at 30 ft above ground, mph 

F Wind pressure within the respective height zones given in Table 1, psf 
401—Stresses due to wind and dead loads at horizontal sections where there are no openings 

(a) At horizontal sections where there are no openings in the chimney 
shell, the maximum stresses in the concrete due to the combined action of 


wind and dead loads shall be computed by Eq. (14) and (17). 


1. Stress at mean diameter of chimney shell 
W (1—cos«) 
2rt te P) (sin a rCOS &)—Np COS @ 


Stress at outside diameter of chimney shell 


Where 
Ww Weight of chimney above section under consideration, Ib 
r Mean radius of chimney shell at section under consideration, in 
lt Thickness of chimney shell at section under consideration, in. 
p fatio of total area of vertical reinforcement to total area of concrete of chimney 
shell at section under consideration 


*For preceding and intervening equations see appendix. 
tSee footnote on p. 35% 
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Ratio of modulus of elasticity of the reinforcement to the modulus of elasticity 
of the concrete 
One-half the central angle subtended by the neutral axis as a chord on the circle 
of radius r 
r may be determined from the curves in Fig. 1 to 12, inclusive, in the follow- 
ing manner. Determine p and e/r where e = M/W. With these values of p 
and e/r, read « from these curves which are plotted for several values of n 
when B = 0. 
Where 
M Bending moment at section under consideration due to wind acting on that por- 
tion of the chimney above the section, in.-lb 
B One-half the central angle subtended by the opening as a chord on the circle of 
radius r 
(6b) At horizontal sections where there are no openings in the chimney shell, 
the maximum stress in the vertical reinforcement on the windward side of the 
chimney, f,,., due to the combined action of wind and dead loads shall be 
computed by Eq. (20). 


1 + cos« 
f.. ie 
] COS & 


Where n, «, and f’,,, are as heretofore determined. 


402—Stresses due to wind and dead loads at horizontal sections where there are openings 
(a) At horizontal sections where a single opening occurs or two openings 
occur diametrically opposite each other in the chimney shell, the maximum 
stress in the concrete due to the combined action of wind and dead loads shall 
be computed by Eq. (13) and (15). 
1. Stress at mean diameter of chimney shell 
W (cos 8 cos «) - 
2rt te p) (sin « rcos«) —(l—p + np) (sin B B cos « ) np ® COS & \ ” 


2. Stress at outside diameter of chimney shell 


t 
hii Pi [ | 5) 
; 2r cos B (cos B cos «) 


Where W, r, t, p, and n represent the values for the section under considera- 
tion as previously defined under paragraph 401, and « is determined from the 
curves in Fig. 1 to 12, inclusive, using the proper values of n and 8. 


For two openings diametrically opposite each other, use the larger opening 
for determining 8B. 


Where 6 lies between values for which curves have been plotted, interpolate 
between the curves given. 

(b} At horizontal sections where a single opening occurs or two openings 
occur diametrically opposite each other in the chimney shell, the maximum 
stress in the vertical reinforcement on the windward side of the chimney, 
few, due to the action of wind and dead loads, shall be computed by Eq. (19). 


- 1 + cos a 
Sux nf ew sg (19) 
cos 8 — cos « 


(c) Cases where there are two openings not diametrically opposite or where 
there are more than two openings require special investigation. 
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403—Moments due to earthquakes 

(a) Where earthquakes are likely to occur, chimneys shall be designed to 
resist the forces set up by an earthquake of the maximum severity antici- 
pated from the earthquake experience record for the region under considera- 
tion. The moments from earthquake shock, ./,, shall be computed by Eq. 
(51) and (52). 

1. Where the section under consideration is at or below 1/5 of the total 
chimney height measured from base of chimney 

M. Fh” (51) 


2. Where the section under consideration is more than 1/5 of the total 


chimney height measured from the base of the chimney* 
h’ 
100 


M, = Fh" 


Where 
F Wa/g WRK, 
Ww Weight of chimney above section under consideration, including any portion of 
lining supported from the chimney shell, Ib 
Distance from section under consideration to center of gravity of chimney mass 
above the section, in. 
Distance from section under consideration to the section that is 1/5 of the total 
height of the chimney above the base, ft 
Acceleration due to the earthquake, fps per sec 
Acceleration due to gravity, fps per sec 
ag Seismic coefficient to be determined for locality where chimney is to be 
constructed 
404—Stresses due to earthquake and dead loads at horizontal sections where there are no openings 


(a) At sections where there are no openings in the chimney shell, the stresses 


in concrete and reinforcement due to earthquake and dead loads denoted by 
f' ces fee, and f,, shall be computed by Eq. (14), (17), and (20) in exactly the 
same manner as stresses due to wind and dead loads using .V/, for M, f’-. for 


Pe see fe lL 


405—Stresses due to earthquake and dead loads at horizontal sections where there are openings 

(a) At horizontal sections where a single opening occurs or two openings 
occur diametrically opposite each other in the chimney shell, the stresses in 
the concrete and reinforcement due to earthquake and dead loads denoted by 
fice, fee, and f,. shall be computed by Eq. (13), (15), and (19) in the same 
manner as stresses due to wind and dead loads using WV, for M, f’,, for f’e., 
fee for few, and fe for few. 

(b) Cases where two openings are not diametrically opposite or where 
there are more than two openings require special investigation. 
406—Vertical stresses in concrete due to temperature 

(a) The maximum vertical stress, in psi, in the concrete, occurring at the 

*It is a well recognized fact that the upper portions of chimneys and other high structures, with relatively small 
base dimensions in relation to height, are subjected to moments in the upper portions under earthquake shocks 
greater than those obtained in the force by height formulas represented by Eq. (51 Although the moments in the 
upper portions can be satisfactorily calculated by theoretical methods, these are somewhat cumbersome when 
applied to actual chimneys. It is recommended therefore that Eq. (52) be used as a satisfactory empirical formula 


which will determine moments for the upper portions of the chimney within the limits of accuracy of the assumed 
seismic coefficient. 
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inside of the chimney shell, due to temperature, f’ery shall be computed by 
Kq. (24). 
fers LkT LE. (24) 
Where 
L Thermal coefficient of expansion of the concrete and of the reinforcing steel, to 
be taken as 0.0000065 per deg F 
Modulus of elasticity of the concrete, psi 
pn + Vpn (pn + 22) (28) 
Ratio of total area of vertical temperature reinforcement to total area of con- 
crete of chimney shell at section under consideration 
Ratio of distance between inner surface of chimney shell and vertical tempera- 
ture reinforcement to total shell thickness ¢ 
n is as heretofore defined 
7’, is computed by Eq. (21a), (21b), (21¢), or (22)* 
For unlined chimneys: 
tD., T T 
C.D.) 1 tD.. D., 
K, | C.D. * KD, 
2. For lined chimneys with insulation completely filling the space between 
the lining and shell: 
tDr, T 
C.D 1 Dri teDyi CDi Dy, 
K, CD." C.D," CD. KsD, 


(21b) 


3. For lined chimneys with unventilated air space between the lining and 


shell: 


t(D, T 


CDi i toD ri Ds tDy Dr 
Tt 


K, C.D, K.D. C.D. K:D.. 


*The research data available to establish the coefficients of heat transfer through chimney lining and shell, 
especially as they concern the heat transfer from gases to the surfaces and through ventilated air spaces between 
lining and shell, are somewhat meager. Unless complete heat balance studies are made for the particular chimney, 
it is permissible to use constants as determined or stated below. These constants when entered into the equations 
for temperature differential through the chimney shell, 7,, will give values of accuracy in keeping with the basic 
design assumptions 


rq 0.5 the gas velocity and temperature and inside 
Ce = 12 diameter of chimney 
C,and Cc lo be obtained from the manufacturer of Ke 6 
the materials used kK, T/120 
Ky To be determined from curves in Fig. 17 using K, T/150 


Chimneys shall be considered as having ventilated air spaces only when the clear distance between the lining and 
shell is 4 in. or more throughout its entire height and ample air inlets to the annular space between the chimney 
shell and lining from an outside source are provided at the kottom of the annular space. 

Self-supporting full height linings make it possible to ventilate between the shell and lining to cool the shell 
and dilute any corrosive gases that may find their way through minute cracks in the lining. 

Corbel supported full height linings should be arranged to allow for expansion and to protect adequately the 
concrete of the corbel and the chimney shell against corrosion from chimney gases. 

Where a self-supporting or corbel supported partial height lining is used, the height to which the lining is carried 
should be determined on the basis of the temperature stresses in the chimney shell and protection against corrosion 
of the concrete rather than on the basis that the temperature of the gas materially decreases as it passes up the 
chimney Attention is called to a number of tests which have been made on chinineys in service (See “Report of 
Tests Made to Determine the Temperatures in Reinforced Concrete Chimneys,’ ACI Proceedings, V. 21, 1925, p. 
204; “Outline of Tests on 300-ft Reinforced Concrete Chimney,’ ACI Proceedings, V. 22, 1926, p. 350; and “‘Report 
of Tests on 300-ft Reinforced Concrete Chimney,’ ACI Proceedings, V. 23, 1927, p. 109) which show that the urop 
in temperature of the chimney gas between the entering point and the top of the chimney is relatively slight 

A study of the temperature gradient through the concrete and the resulting stresses in the concrete and rein- 
forcement shows that for the same total temperature difference between gas inside the chimney and outside air, 
the greater the thickness of the concrete shell, the greater are the stresses due to the effect of temperature. Under 
certain conditions, therefore, a lining may be required to reduce the stresses in the concrete and reinforcement 
within permissible limits, particularly in the lower and thicker portions of the shell 
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4. For lined chimneys with a ventilated air space between the lining and 


shell: 
T, - 


(Dis r —f, 
C.D, l Doi Dyj tDyi Dai 
rK, | r(sDp | KD. | C.D. KD. 


Where 
r, = Ratio of heat transmission through chimney shell to heat transmission through 

lining for chimneys with ventilated air spaces 
Thickness of concrete shell, in. 
Thickness of air space or insulation, in. 
Thickness of lining, in. 
Maximum temperature of gas inside chimney, deg F 
Minimum temperature of outside air surrounding chimney, deg F 
Coefficient of thermal conductivity of the concrete of chimney shell, Btu per sq 
ft per in. of thickness per hour per deg difference in temperature 
Coefficient of thermal conductivity of chimney lining, Btu per sq ft per in. of thick- 
ness per hour per deg difference in temperature 
Coefficient of thermal conductivity of insulation between lining and shell, Btu 
per sq ft per in. of thickness per hour per deg difference in temperature 
Coefficient of heat transmission from gas to inner surface of chimney lining when 
chimney is lined, or to inner surface of chimney shell when chimney is unlined, 
Btu per sq ft per hour per deg difference in temperature 
Coefficient of heat transmission from outside surface of chimney shell to surround- 
ing air, Btu per sq ft per hour per deg difference in temperature 
Coefficient of heat transfer by radiation between outside surface of lining and in- 
side surface of concrete chimney shell, Btu per sq ft per hour per deg difference in 
temperature 
Coefficient of heat transfer between outside surface of lining and inside surface of 
shell for chimneys with ventilated air spaces, Btu per sq ft per hour per deg differ- 
ence in temperature 
Inside diameter of lining, ft 

D, Mean diameter of lining, ft 

dD, Mean diameter of space between lining and shell, ft 

D.; = Inside diameter of concrete chimney shell, ft 

dD. Mean diameter of concrete chimney shell, ft 

D Outside diameter of concrete chimney shell, ft 


407—Vertical stresses in steel due to temperature 

(a) The maximum stress in psi in the vertical temperature reinforcement, 
fsrv, shall be computed by Eq. (26): 

fsri L (z k) TE, (26) 
Where 

E, Modulus of elasticity of the reinforcement, psi, and other notations are as given 


heretofore. 


408—Combined stresses due to wind, dead loads, and temperature or due to earthquake, dead 
loads, and temperature 

(a) The maximum stress in psi in the concrete, due to the combined effeet 
of wind, dead loads and temperature, f’ cwcom,, occurring at the inside of 
chimney shell on the leeward side of the chimney shall be computed by Eq. 
(30) and (41): 

1. When k.omn, is equal to or less than unity: 
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"4 TV Rams 


I” cw-comb (30 
- k ) 


2. When kon. is equal to or greater than unity: 


f’ : ise TY 2 pn2z + J 
= k 2 (1 + pn) 


ii 


pry 


CTV 


pn 4 \ pn (pn + 2z) + 2k (1 + pn) 


Where 


kom, = Ratio of distance between inner surface of the chimney shell and the neutral sur- 
face resulting from combined wind, dead loads and temperature, to the total shell 
thickness, ¢ 
Value determined heretofore from Eq. (14) where there are no openings or from 
Eq. (13) where there are openings in the chimney shell 
fcry = Value determined heretofore from Eq. (24) 
= Value determined heretofore from Eq. (28) 
p, n and z are as heretofore defined 
(b) The maximum stress, in psi, in the vertical reinforcement due to the 
combined effect of wind, dead loads and temperature, fou com,, occurring on the 
windward side of the chimney shall be computed by Eq. (46) 


fs / f ore 
<< |: + pn | pn (pn + 2z) 2 pn (z %)- | 


z k Istv 
Where 
Sot Value determined heretofore from Eq. (20) where there are no openings or from 
Kq. (19) where there are openings in the chimney shell 

Ssri Value determined heretofore from Eq. (26) 

Other notations are given under (a) 

(c) The maximum stresses in the concrete and the ‘vertical reinforcement 
due to the combined effect of earthquake, dead loads and temperature de- 
noted by f’ ce comm ANd fee com» Shall be determined from Eq. (30) or (41) and 
from Eq. (46) in exactly the same manner as the combined stresses due to 
wind, dead loads, and temperature, using f’.. for f’cw and f,. for few. 


409—Circumferential stresses due to temperature 
(a) The maximum circumferential stress, in psi, in the concrete due to 
temperature, f’erc, occurring at the inside of the chimney shell shall be com- 
puted by Eq. (47): 
f"crc = Lk' T,; E. (47) 
Where 
k’ p'n + Vp'n (p'n + 22’) pa (50) 
T, = Value determined for vertical temperature stresses 
Ratio of the cross sectional area of the circumferential reinforcing steel per unit 
of height to the cross sectional area of the chimney shell per unit of height 
z’ = Ratio of the distance between the inner surface of the chimney shell and the cir- 
cumferential reinforcing steel to the total shell thickness ¢ 
All other notations are the same as for vertical stresses due to temperature. 
(b) The maximum stress in psi in the circumferential reinforcement fsrc 
due to temperature shall be computed by Eq. (48): 
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Ssre L (2’ ) Fe tes (48) 

The circumferential reinforcement shall be not less than 0.2 sq in. per ft of 
height and not less than 0.15 percent of the concrete area at the section under 
consideration and the reinforcement shall be spaced not further apart than 
the shell thickness. 


SECTION 5—ALLOWABLE STRESSES 

500—Concrete 

(a) Where f,’ equals the compressive strength of the concrete in the chim- 
ney shell at the age of 28 days based on tests of cylinders made and tested in 
accordance with the American Concrete Institute “Building Code Require- 
ments for Reinforced Concrete’ (ACI 318), stresses in the concrete of the 
chimney shell shall not exceed the following: 

few a8 Computed by Eq. (15) or (17) shall not exceed 0.25 f.’ 

fee a8 computed by Eq. (15) or (17) shall not exceed 0.375 f.’ 

fcry as computed by Eq. (24) shall not exceed 0.4 f.’ 

St” cu-comh 8 COMputed by Eq. (30) or (41) shall not exceed 0.67 f.’ 

Sf cecom 88 Computed by Eq. (30) or (41) shall not exceed 0.67 f,' 

f"cre as computed by Eq. (47) shall not exceed 0.4 f-’ 
501—Reinforcement 

(a) Allowable stresses in the reinforcement shall not exceed the following: 

few a8 computed by Eq. (19) or (20) shall not exceed 12,500 psi 

fee a8 Computed by Eq. (19) or (20) shall not exceed 15,000 psi 

fsry as computed by Iq. (26) shall not exceed 20,000 psi 

So-comh &8 Computed by Eq. (46) shall not exceed 27,000 psi 

See-comh AS Computed by Eq. (46) shall not exceed 27,000 psi 

fsrc as computed by Eq. (48) shall not exceed 20,000 psi 


SECTION 6—CONSTRUCTION 
600—General 


(a) Concrete quality, methods of determining strength of concrete, field 
tests, concrete proportions and consistency, mixing and placing, and forms 
and details of construction shall be in accordance with the American Concrete 
Institute “Building Code Requirements for Reinforced Concrete” (ACI 318) 
where applicable except as specified otherwise. 


601—Concrete quality 


(a) No concrete used in the construction of a reinforced concrete chimney 


shall have a water content exceeding 6 gal. per sack of cement. 


602—Field tests 

(a) One set of test specimens consisting of four cylinders shall be made of 
concrete placed in the chimney foundation, one of these specimens being 
broken at 7 days’ age, and three at 28 days’ age. One set of four specimens 
shall be made of the concrete placed in each of the first two lifts of the chimney 
shell, one being broken at 7 days’ age and three at 28 days’ age. One set of 
at least three specimens shall be made for at least every third lift of the chimney 
shell, to be broken at 28 days’ age. 
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(b) The age at the time of testing is based on using any cement other than 
Type Ill. If Type III cement is used the tests shall be made at the ages of 
3 days and 7 days, respectively. 

(c) The proportions and water content may be modified, within the specifi- 
cation limits, to give the desired workability and strength on the basis of 
the field tests and subject to the approval of the engineer in charge. 

(d) The making and testing of field test specimens shall be performed by 
competent experienced personnel. 
603—Forms and details of construction 

(a) Forms for the chimney shell may be of metal or wood. If unlined wood 
forms are used, they shall be of selected material with tongue-and-groove 
joints and shall be kept continuously wet to prevent shrinking and warping 
due to exposure to the elements. 

(b) Circumferential reinforcement shall be securely wired or welded to the 
vertical bars. Particular attention shall be paid to stretching and securing 
the circumferential reinforcement so that it can not bulge or be displaced 
during the placing and working of the concrete so as to result in less than the 
specified minimum concrete covering over this reinforcement. 

(c) Lightning protection is covered under paragraph 704. Adequately 
wiring the reinforcing bars where spliced shall be considered as electrical 
bonding between bars. 


(d) Vertical reinforcement projecting above the forms for the chimney 


shell shall be so supported as to prevent the breaking of the bond between the 
reinforcement and the freshly placed concrete. 

(e) In the chimney shell no vertical construction joints shall be used and 
horizontal construction joints shall be maintained at approximately uniform 
spacing throughout the height of the chimney. If forms for the chimney 
shell are removed and reset each day, the height of any section shall not 
exceed 10 ft. Under no circumstances, however, shall the point of discharge 
of the concrete into the forms be more than 5 ft above the concrete surface 
on which it is to be deposited. 

(f) Concrete made with any portland cement other than Type III shall 
be maintained in a moist condition for at least the first seven days after 
placing. Concrete made with Type III cement shall be so maintained for at 
least the first three days after placing. The curing of the concrete shall be 
accomplished by circumferential perforated water pipes suspended from the 
bottoms of the forms for the chimney shell, the amount of water supplied 
being carefully regulated to avoid erosion of the upper sections of recently 
placed concrete and at the same time providing sufficient water to flow down 
and dampen the entire outer and inner surfaces of the chimney below the 
section under construction, or other approved method to accomplish an 
equivalent result. 

(g) Particular attention must be given to concrete placement because of the 
narrow form section and the presence of reinforcing steel. Compaction, 
distribution in the forms, and removal of air and water at the form surface 
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shall be by spading. All hardened concrete surfaces shall be cleaned of 
laitance and dirt, moistened and coated with neat cement grout before place- 
ment of new concrete. Reinforcing bars shall be free of hardened concrete, 
grease, dust, and loose rust before concrete is placed around them. 


SECTION 7—CHIMNEY ACCESSORIES 
700—Chimney caps 


(a) The top of the chimney shell and the top of full height linings shall be 
protected with suitable caps.* The caps shall be of cast iron for the usual 


operating conditions, but chimneys handling extremely corrosive gases shall 


be protected with alloy metal caps resistant to the particular gases. The 
caps shall be designed to allow for circumferential and vertical expansion of 
the lining and chimney shell and circumferential expansion of the caps them- 
selves. Unless otherwise specified, the caps shall slope toward the inside of 
the chimney at approximately 30 deg with the horizontal, so that acid and 
soot deposits on the caps will tend to slide into the chimney. All sections of 
thin metal caps shall be securely anchored in place with corrosion resistant 
anchors. 


701—Ornamental heads 
(a) Because ornamental heads create concentrations of stress and are 
prone to acid attack, their use is discouraged. t 


702—Liningst 

(a) The concrete chimney shell shall be lined wherever necessary to: 

1. Bring the stresses in the concrete or reinforcement within the allowable 
limits heretofore specified. 

2. Protect the concrete from the abrasive action of direct impingement of 
the chimney gases as for example opposite flue openings in the chimney shell. 
3. Protect the concrete from the action of corrosive or destructive gases. 

(b) Linings shall«be constructed of materials suitable to withstand the 
conditions to which they will be subjected. Provisions shall be made so 
that the lining can expand both circumferentially and vertically without 
producing stress in the concrete chimney shell due to the expansion of the 
lining. For chimneys with independent lining, the clearance at the top be- 


*The a: tion of the acids from the flue gases is often most active on the concrete near the top of the chimney where 
downdraft outside tends to permit attac k on the outside of the shell Chis is partic ularly pronounced or. horizontal 
or nearly horizontal surfaces. Where acid action is expected to be severe the use of materials especially resistant 
to acid action should be considered, even though full height linings are provided. Protective coatings on the ir 
side and outside of the shell may prove helpful in delaying acid attack 

tFrom a study of the temperature gradient through the concrete and the stresses resulting therefrom, it is ap 
parent that abrupt changes in the thickness of the concrete shell tend to set up important stre both vertically 
and circumferentially at the junction between relatively thick and thin portions of the shell, due to the effects of 
temperature 

tThe type of lining selected for a chimney is of the utmost importance Linings may be classified as (a) in 
dependent full height lining, (b) corbel-supported full height lining, (c) independent partial lining, and (d) corbel- 
supported partial lining 

The space between the lining and chimney shell may be filled with an insulating medium, be a confined air space, 
or arranged to permit ventilation through the air space 

As the temperature of the exhaust gases from fuel consuming boilers has been lowered, due to the introduction 
of heat saving devices, and as the use of oils and other high sulfur fuels has increased, the destructive hazards to 
concrete chimney shells due to condensation of moisture carrying corrosive chemicals have greatly increased. For 
this reason the installation of linings for protection from this hazard has become increasingly important 

The same trend has made it more important to use full height protective linings as the corrosive action is usually 
greater near the tops of chimneys where concrete thickness is the smallest and the greatest effect due to rain entering 
the top is likely to occur 
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tween lining and shell shall be sufficient to provide clearance for chimney 
sway and not less than 4 in. At the bottom the clearance between lining and 
shell shall be not less than 12 in. to permit inspection. 

(c) Where linings are supported on concrete corbels cast integrally with 
the shell, these corbels shall be slotted vertically for their full depth on ap- 
proximately 3 ft centers to reduce the effect of temperature stresses set up by 
the sudden change in shell thickness. Corbels shall be adequately reinforced 
and the effect of their eccentric loading considered in the design of the concrete 
and reinforcement in the chimney shell. 
703—Protection for foundations or floors 

(a) In chimneys conducting heated gases, consideration shall be given to 
the protection against the radiant heat of the gases for any part of the foun- 
dation which is exposed within the chimney and concrete floors either at the 
base of the chimneys or supported from the chimney column.* 
704—Lightning protection 

(a) Every concrete chimney shall have a complete system of lightning 
protection in accordance with the latest revision of the “Code for Protec- 
tion Against Lightning,” as approved by the American Standards Assn. 
705—Access ladder 

(a) Suitable means shall be provided for access to the top of the chimney.t 
706—Clean-out door 


(a) A suitable clean-out door shall be provided at the base of the chimney 
to permit removal of soot and to permit inspection of the inside of the chimney. 


If the chimney has self-supporting lining two clean-out doors shall be pro- 
vided, one for the chimney shell and one for the lining. 


707—Openings in chimney shell 

(a) Particular attention shall be given to the reinforcement at openings 
in the chimney shell such as required for flues and clean-ont doors. 

(b) In addition to the reinforcement determined by the stability and 
temperature formulas, extra reinforcement shall be provided at the sides, 
bottom, top and corners of these openings as hereinafter specified. This 
extra reinforcement shall be placed near the outside surface of the chimney 
shell as close to the opening as proper spacing of bars will permit. Unless 


*It has been demonstrated that radiated heat from gases causes high temperatures at top surface of foundation 
or floor if not insulated. Even in modern power plants with moderate flue gas temperatures, this radiant heat may 
be sufficient to crack the chimney foundation or floor although flue openings enter the chimney an appreciable 
distance above the foundation. 

A satisfactory protection for the foundation or floor is a ventilated insulation in the form of hollow tile covered 
with insulating brick and fire brick depending upon the temperature involved, with the voids of the hollow tile 
communicating directly to the atmosphere by means of air ducts when the chimney is lined or by openings in the 
shell when the chimney is unlined. 


+The necessity of ascending a reinforced concrete chimney is infrequent. However, the possibility of necessary 
repairs to the lightning protection system, the desirability of inspection at times, and similar reasons make it ad- 
visable to provide a means of access to the top of the chimney. Where a standard ladder is provided, it is required 
by law in many places and advisable as a safety measure to construct on the ladder a series of enclosing rings or a 
continuous cage. This type of access requires periodic painting and maintenance if it is to be kept in a safe condi- 
tion. For most conditions, it is suggested that scaling rungs consisting of %4-in. bronze rungs or equivalent about 
12 in. wide, projecting about 6 in. from the outside of the chimney shell, be built into the chimney at intervals of 
form height but not exceeding 10 ft. This construction is practically permanent, requires no maintenance and 
can be ascended in a short time by an experienced steeple jack using small scaling ladders, at the infrequent in- 
tervals when access to the top of the chimney is required. Scaling rungs of this type do not offer a means of access 
to regular employees or unauthorized persons and therefore do not constitute a hazard to the owner 
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otherwise specified, all extra reinforcement shall extend past the opening 


a sufficient distance to develop the bars in bond. 

(c) At each side of the opening, the additional vertical reinforcement 
shall have a total area equal to established design reinforcement for one- 
fourth of the width of the opening. 

(d) At both the top and bottom of the opening, the additional circumfer- 
ential reinforcement shall have an area equal to one-half the established 
design circumferential reinforcement interrupted by the opening. One-half 
of this extra reinforcement shall extend completely around the circumference 
of the chimney, and the other half shall extend past the opening a sufficient 
distance to develop the bars in bond. 

(e) At each corner of the opening, diagonal reinforcement shall have a 
combined cross-sectional area in square inches of not less than one-tenth of 
the shell thickness in inches. 

(f) Buttress walls shall not be incorporated in the design of the reinforced 
concrete chimney shell at openings.* 


SECTION 8—SOLUTION OF EQUATIONS FOR STRESSES 
DUE TO DEAD LOAD AND WIND 


800—CURVES FOR THE SOLUTION OF EQUATIONS 

(a) There follows a series of curves for the solution of the equations given 
earlier for determination of the stresses due to wind and dead loads. The 
curves consist of four series: Series 1, Fig. 1 to 4, inclusive, where n = E,/E, 
8*and B = 0°, 20°, 25°, and 30°, respectively; Series 2, Fig. 5 to 8, inclusive, 
where n = E,/E, = 10 and B = 0°, 20°, 25°, and 30°, respectively; Series 3, 
Fig. 9 to 12, inclusive, where n = 12 and 6 = 0°, 20°, 25° and 30°, respectively ; 
and Series 4, Fig. 13 to 16, inclusive, consists of curves which plot the trigo- 
nometrice functions occurring in the formulas for stresses due to wind and 
dead loads and simplify the solution of these formulas where B = 0°, 20°, 25°, 
and 30°, respectively. 

(b) The curves of Series 1, 2, and 3 are used to determine the values of «. 
The curves of Series 4 are merely a convenience to simplify the numerical work 
of substituting in the formulas given in the specification. The curves of 
Series 4 may be disregarded if desired and « having been determined from the 
proper curves of Series 1, 2, or 3, the stresses due to dead load and wind 
may be determined by direct substitution in the formulas given in the specifi- 
cation. 
801—Procedure 

(a) In general the procedure is as follows: 

1. Compute the bending moment, 7, due to wind above the section under considera- 
tion. 

2. Compute the dead load, W, of the chimney above the section under consideration. 

3. Determine e¢ M/W 

*From a study of the temperature gradient through the concrete and the stresses resulting therefrom, it is ap- 
parent that abrupt changes in the thickness of the concrete shell tend to set up important stresses both vertically 


and circumferentially at the junction between relatively thick and thin portions of the shell, due to the effects of 
temperature. 
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4. Determine e/r 
5. Compute p at the section under consideration. 
6. Select the value of n E,/E. for the materials to be used. 

7. Case 1—Where there are no openings in the chimney shell, 8 = 0. Then 
from the curves for B = 0, Fig. 1, 5, or 9 corresponding to the selected value 
of n, determine <. 

8. Case 1—With this value of «, from Fig. 13 read A, B, C, and D and 
from the shortened equations given in this figure determine f’ ou, few, and fo. 
Note that these equations are the same as Eq. (14), (17), and (20) of Section 4 
where A l—cos «; B =sine x<cosx«; C = rceos«; and D (1 + cos 


os 


(1 — cos «). (Note « is in radians to evaluate « cos « .) 


] 
7. 


Case 2—Where a single opening occurs or two openings occur dia- 
metrically opposite each other in the section under consideration determine 
8 = one-half the central angle subtended by the opening as a chord on the 
circle of radius r (means radius of the chimney shell). For two openings 
diametrically opposite use the larger opening in determining 6. Then from 
the curves corresponding to this value of 6 and the proper value of n, determine 
x. 

8. Case 2—With this value of «, from Fig 14, 15, or 16 corresponding to 
the value of 8, read A, B, C, D, EB, and F and from the shortened equations 
given determine f'ew, few and few. Note that these equations are the same as 
Kq. (13), (15), and (19) of Section 4 where A = cos B — cos «; B = sine 

-axcosa; (' r cosx«; D = (1 + cos«)/(cos B—cos«); EF sin B — B 
cos «; and F cos B (cos B — cos «). (Note « and 8 are in radians to 
evaluate « cos « and B cos «.) 

7. Case 3—Where 8B lies between values for which curves have been plotted 
as for example B = 23° determine « from the curves for 8B = 20° and « from 
the curves for B = 25° and interpolate. 
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APPENDIX 1—DERIVATION OF EQUATIONS 


EQUATIONS FOR STRESS DUE TO WIND AND DEAD LOAD 
Notation 


r Mean radius of concrete shell, in Tou Maximum unit tensile stress in the rein- 
Thickness of concrete shell, in. forcing steel, psi 

W = Weight of chimney above section under — Jeu Maximum unit compressive stress in 
consideration, Ib the concrete at the outside of the 

M Moment due to wind at section under chimney shell, psi 
consideration, in.-lb Je Maximum unit compressive stress in 

{ , in. 
the concrete at the center of the 


Resultant of W and wind pressure : ; 
chimney shell, psi 


M/W Eccentricity of R measured 2 ; 
é Maximum unit compressive stress in 

from center of chimney, in. Ai : ; 

the concrete at the inside of the chim- 


Area of concrete shell at section, sq in. 
ney shell, psi 


Area of vertical reinforcing steel at ra oie , 
6 rotal compressive force in the concrete, 


Ib 
Moment of P about the neutral axis, 
in.-lb 


section, sq in. 

A,/Ac 

Ratio of moduli of elasticity, steel to 
concrete Total compressive force in the rein- 
One half the central angle subtended by 


’ forcing steel, Ib 
the neutral axis, (7.e., axis of zero stress) 


Moment of q about the neutral axis, 
in.-lb 

One half the central angle subtended by = S Total tensile force in the reinforcing 

the opening as a chord on the circle of steel, Ib 

radius r S Moment of S about the neutral axis, 
0 A variable function of « in.-lb 


as a chord on the circle of radius r 


Assumptions 


In addition to the assumptions customarily made for the design of reinforced concrete mem- 
bers, the two following assumptions are made: 


(a) The reinforcing steel is replaced by a continuous steel shell of equivalent area 
(b) The reinforcing steel is located on the mean circumference of the concrete shell 


Assumption (a) involves no appreciable error and assumption (6) is on the side of safety 
since the reinforcing steel is usually placed nearer the outer surface of the chimney shell where 
it is more effective in resisting stress due to bending. 


t 





Fig. 18—Cross section of typical chimney 
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Derivation 


From the fundamental theorems for equilibrium applied to all forces including the forces 
acting on that part of the chimney above the cross section under consideration: 

The summation of the vertical forces must be equal to zero, or 

W=P+4q S : wie ie (1) 

and the summation of the moments of all forces about any line must be equal to zero, whe 
taking moments about the neutral axis, 

M Wr cos « W (e rcos «) = P’+@’ +S’... ; ; (2) 

Now, considering any small radial element of the chimney shell subtending an angle dé at 
the center of the section, we have: 

The area of the element rdét 


nee 


The distance of the element from the neutral axis = r (cos 6 cos «), and since the 


stress in any element is proportional to its distance from the neutral axis, the average unit 
stress in the element is 
f'cw (r cos 6 reos «) f' cw (COs 0 cos «) 


rcos Bg rcos « cos B cos « 


from which the total compressive stress in the concrete, 


P ‘ "a f' cw (Cos 0 cos «)rtdé 
‘ 8 cos B cos «= 


Integrating 
' sin a sin B xr cos « + £6 cos 
r y «ene 


cos Bg Cos «a 


x f'.. (cos 6 cos «)?r2¢dé 
And 2 ? 
8 cos 8 cos « 


Integrating, 


: : B—3 sin« cos « —sin8cos 8 +4 sin B cos«+2(« 
Pa fn t ; 4 
cos B cos « 
Now, substituting pt for t and (n 1) f' cw for f’ew in Eq. (3), we have 
‘ sin & sin B «cos « + 8 cosa 
q 2 (n Dfuar pt 


cos £8 cos @ 
Similarly, substituting pt for t and (n 1) f'cw for f’ew in Eq. (4), 


; ——— x —B—3sin «cos « —sin 8cos8+4 sin B cos « +2( « —£) cos* a : 
q' = (n—1) f'cur? pt| - (6) 
cos B COS & 
Next, considering any small radial element of reinforcing steel in tension, lying therefore 
below the neutral axis (Fig. 18), subtending an angle d@ at the center of section, we have 
The area of the element 


rdé pt, and its distance from the neutral axis = r (cos cos 6). 


aie . ; r cos « r cos 6 cos & cos 6 
rhe unit stress in the element = fru | - : 
r+pfrcos « 1 + cos « 
But from similar triangles, Fig. 18, 
os r cos B r cos a 
, or 
Jew r+ 7cos @ 
" 
nN f'cw (1 + cos «) 
au a i ; p has 
cos B — cos @ 
Substituting this value above, we have the unit stress in the element of reinforcing steel in 
tension 
NS eu (cos « cos 6) 


cos 8 x 
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Whence the total tensile stress, 


; Tn f'ew (COS « cos 6) r pt dé 
S 2 ~ - - 
a cos B COs « 


Integrating, 
21 f'ewr pl (r cos & 
cos B 


Ss 


Similarly, 
: * 2 f' cw (cos « cos 0)? r? pt dé 

S’ = 2 - 

x cos B COS « 

Integrating, 

ms ee 2 © cos*® « 2 « cos? « +3sin « cos « +2 x 

S RS on f* pt - - (8) 


cos B cos « 
Now, substituting the values of P, q, and S from Eq. (3), (5), and (7) in Eq. (1), we have 
(1 ») (sin « x COS x) (1 p + np) (sinB —Bcos«) — npreos« 
W =2f'ecrt i , 3 aon —! (9) 
COS | Cos = 


Similarly, substituting the values of P’, q’, and S’ from Eq. (4), (6), and (8) in Eq. (2) 
have 


W (e rcos «a ) 


, we 


Tut 8 ay 
(1 p) (2 3 sin « cos « +2 « cos? «) (1 — p + np) 
cos 8 COs «a 


(8 + sin 8 cos B ${sin 8B cos « + 268 cos? «) 4 np w (2 cos? « +4 0 | (10) 
Dividing Eq. (10) by Eq. (9), we have 
e (1—p) (« —sin« cos«) —(1—p+np) (8+sin 8 cos 8 —2sin B cos «)+npr (4 
: “Pay a ) 
r 2{0 p)(sin « rcos«)—(1 p + np)(sin 8 —B cos «) — np x cos « | 
When there is no flue opening, 8 = 0 and Eq. (11) becomes 
.. & p) (@ sin=cos«) + npr 
r 2((0 p) (sin « x COS « ) np m cos « | 
Solving Iq. (9) for f'ex 
W (cos B cos « ) 
f’ 


: : ne 
2rt[(1—p) (sin « (Is) 


<cos «)—(1—p+np) (sin 8 —Bcos « )—npweos « | ’ 
When there is no flue opening, 8 = 0 and Eq. (13) becomes 
: W (1 cos « ) 
fice 2r¢{(l p) (sin x COS « ) np rcosa| 9 nee 
Since the unit stress in any element of the chimney shell is proportional to its distance from 
the neutral axis, we have from Fig. 19 
t 
Ses r cos B rcosa« + 2 cos 8 


rcos 6 r COS « 


t 
r cos B (cos 8 cos «)}°°° 


rcosp rcos « 
r cos B rcos « t 


2 cos 8 
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Fig. 19—Partial section of chimney 














Or, 


t 
" fle I : : 
j F | 2rcos B (cos B cos « | 


When there is no flue opening, 8 = 0 and Eq. (15) and (16) become 


ep f 
Tou = J cu [ T 2 r (1 cos « | 
s , 
oe Tk 2ri(l COs a 


From similar triangles (Fig. 18) 
Tw r cos B rcos « 
is 7 + TCs. «4 

MM 


Or, 


' 1 + cos « 
few = NS'ex 
cos B cos «= 


Which, when there is no flue opening and 8 = 0, becomes 


1 + cos « 
lew = Fa (20) 
l cos « 


Now, Eq. (11) cannot be readily solved for « However, by assuming definite values for 
n and 8, a series of curves may be plotted from which the value of 
e/r and p may be read directly. One set of curves for 8 
where there is no flue opening. 


for varying values of 
0 will serve to solve all sections 
In general, the value of 8 lies between 20° and 30°. If there 
are plotted four series of curves for «, series 1, 8 
and series 4, 8 30 
neys. 


0, series 2, 8 20°, series 3, B 25 


2), 


, interpolation of these curves will give the solution of all ordinary chim- 


The design of a chimney must be by trial and analysis. For a particular section e/r is 
known, and for the trial value of p, « is determined from the curves. Having the value of «, 
the value of f’e» is determined from Eq. (13); the value f... from Eq. (15); the value of fa, 
from Eq. (16); and the value f,, from Eq. (19). The value thus found for f’.. and f.. must be 
combined properly with the stresses due to temperature to obtain the maximum values for the 
stress in the concrete and reinforcement. 

See later sections for determination of vertical stresses due to temperature and for derivation 


of equations for combining stresses due to temperature with f’-. and f,, determined above. 
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EQUATIONS FOR TEMPERATURE GRADIENT THROUGH 
CHIMNEY SHELL 


Notation 


Thickness of concrete shell, in. 
Thickness of air space or insulation, in. 
= Thickness of lining, in. 

Maximum temperature of gas inside 
chimney, deg F 

Minimum temperature of outside air 
surrounding chimney, deg F 

: Temperature of surface of 
chimney lining, deg F 

Temperature of 
chimney lining, deg F 

- Temperature of inside surface of con- 
crete shell, deg F 

= Temperature of outside surface of con- 
crete shell, deg F 

To — Te 

Heat transfer from flue gas to inside 
surface of lining or to inside surface of 
chimney shell when no lining is used, 
Btu per sq ft of inside surface per hour 
Ratio of heat 
chimney shell to heat 
through lining for chimneys with venti- 
lated air spaces 

Coefficient of thermal conductivity of 
concrete of chimney shell, Btu per sq 
ft per in. of thickness per hour per deg 
difference in temperature 

Coefficient of thermal conductivity of 
lining, Btu per sq ft per in. of thickness 


inside 


outside surface of 


transmission through 
transmission 


per hour per deg difference in tem- 
perature 

Coefficient of thermal conductivity of 
insulation between lining and _ shell, 
Btu per sq ft per in. of thickness per 
hour per deg difference in temperature 


le _1% 
Te 


7. | ~~ XS 














; 


t t, 
liming spoce shell 


K, 


= Coefficient of heat transmission from 


gas to inner surface of the chimney 
lining when chimney is lined or to the 
inner surface of chimney shell when 
chimney is unlined, Btu per sq ft per 
hour per deg difference in temperature 
Coefficient of heat transmission from 
outside surface of chimney shell to 
surrounding air, Btu per sq ft per hour 
per deg difference in temperature 
Coefficient of heat transfer by radia- 
tion between outside surface of lining 
and inside surface of concrete chimney 
shell, Btu per sq ft per hour per deg 
difference in temperature 

Coefficient 
outside surface of lining and inside 


of heat transfer between 
surface of shell for chimneys with 
ventilated air spaces, Btu per sq ft 
per hour per deg difference in tem- 
perature. (This 
account transfer by radiation, return 


factor takes into 
of heat from chimney shell to air in 
space and effect of relative rate of heat 
transfer through lining and shell.) 
Inside diameter of lining, ft 

Mean diameter of lining, ft 

Outside diameter of lining, ft 

Mean diameter of space between lin- 
ing and shell, ft 

Inside diameter of concrete chimney 
shell, ft 

Mean diameter of concrete chimney 
shell, ft 

Outside diameter of concrete chimney 
shell, ft 


Fig. 20—Temperature gradient through lining 


and chimney 
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In all of the cases hereinafter considered it is obvious that the areas through which heat is 
transmitted are directly proportional to the diameters so that the diameters are used in the 
formulas to represent the areas in their effect on heat. transmission. 

Case 1—Chimneys without lining 

Since in this case all of the heat transmitted from the flue gas to the chimney shell is carried 

through the shell to the outer surface. 
Ci; am 


Q K, (T T's) 
(Dei 


¢ Q tDe 
From above 7' 7’; = e ad T's = é and 7’, 
K, Ce dD. 


Since 7 


” Ko Deo 


Case 2—Lined chimneys with insulation completely filling the space between lining and shell 
Since in this case all of the heat transmitted from the flue gas to the chimney lining is carried 
through the lining, insulated space and chimney shell 
a ae Pa ae MMO ig a 
Q=K, (T -T;) (T,— 12) (7 T’;) (7 I.) (T,—T>.) 
th Dri te Dri t Dei Dei 
By addition and substitution similar to the derivation in Case 1 the following equation can 
be derived: 
Ts 1 . (21b) 
l ty Dei te Du 
a GCA Cea 
Case 3—Lined chimneys with unventilated air space between lining and shell 
Since in this case all of the heat transmitted from the flue gas to the chimney lining is carried 
through the lining, air space and chimney shell: 
ae hs ie K2 Deo |, 
(7, — T2) (T.— T's) (7 T's) (T's 
ty Dy Ds; (Dy, Dy; 
By addition and substitution similar to the derivation in Case 1 the following equation can 
be derived: 


Q=K, (T—T7);) 


(Dy, 7 
C. I ty Dri Dy 
Kk; 6D £0, C.D K, D. 


i's T's 


Case 4—Lined chimneys with ventilated air space between lining and shell 

In this case a portion of the heat transmitted through the lining is carried away by the air 
between lining and shell so that by definition the portion of heat transmitted through the 
shell rg Q 


C, Ds 
ry Q=rg K, (1 —7;) =1 —(T 
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By addition and substitution similar to the derivation in Case 1 the following equation can 
be derived: 


1D, r re 
Cc. 2B | by, Dri Dis (Dix Dy; 
nk. ne £m ' CR Ket 
EQUATIONS FOR VERTICAL STRESS DUE TO TEMPERATURE 


Assumptions 


(22) 


Since the inner and outer parts of the shell of a chimney in service are not equally hot, they 
tend to expand unequally. The inner (hot) part is restrained from expanding freely by the 
outer part and the outer part is stretched by the restrained inner part. At the boundary be- 
tween these parts the elongation due to temperature is unrestrained or free and hence without 
temperature stress. This boundary is a “neutral surface.” It is assumed that the tempera- 
ture gradients through the chimney shell at any particular level are the same for the entire 
circumference so that the original circular form of any cross section is not altered by tempera- 
ture changes. Also that horizontal sections through the unheated chimney are still horizontal 
after heating and that the temperature gradient through the chimney shell is a straight line. 
The tensile strength of the concrete is neglected. 
Notation 
T's Temperature of the concrete at the ment due to temperature, psi 
neutral surface, deg F Modulus of elasticity of concrete in 
Temperature of the concrete at the compression, psi 
temperature reinforcing, deg F ; Modulus of elasticity of steel, psi 
Ratio of distance between inner sur- E,/E 
face of chimney shell and vertical re- Thermal coefficient of expansion of 
inforcement to total shell thickness ¢ concrete and 
Ratio of distance between inner sur- sumed equal 
face and “neutral surface” to total Area of 
shell thickness ¢ for vertical stresses 


reinforcing steel as- 


concrete shell at horizontal 

section under consideration, sq in. 

fcry = Compressive vertical stress in the Area of vertical reinforcement at hori- 

concrete at the inner surface of the zonital section under consideration, 
chimney shell due to temperature, psi sq in. 

Ssrv Tensile stress in vertical reinforce- Other notations as given previously. 

Derivations 


Now at the inner surface elongation due to the temperature difference (7's T's) is sup- 
pressed and the stress in the concrete due to suppression 
f"crv L(T 7's) E 
But from similar triangles (Fig. 21) 
T T kt 
1, t 
Substituting in Eq. (23) 
fers LkT, E. 


At the steel, elongation due to the temperature difference 7 
the steel 


Ssrs L (Ts — 7.) E. 

But from similar triangles, Fig. 21 

T's T's (z k)t 
‘i t 


(23) 


or T Ts ke 
(24) 
Tis forced and the stress in 
(25) 
or T T 


Substituting in Eq. (25) 
Ssrv = L(z —k) TLE, 
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Fig. 21—Vertical section through chimney Pe of La]. a ol 
shell ; Termpercture | Neutral 
Note: Terms f’-:. and fare /n thovid read f’cry and fsry n, Gredient , cs ee 
respectively | Verfica 
i Reintorcement 


ar’ 








Now the total stress at the section is unchanged by temperature, hence equating the total 
compression to the total tension for a unit of circumference 


lof"crv kt = fsry pt 


Substituting the value of fery from Eq. (24) and fsry from Eq. (26) in Eq. (27) 
146 E.k p E, (z — k) from which 


if pn + vpn (pn + 22) (28) 


For a particular case the values of p, n, z, t, L, E., and 2, are known. The value of 7, is 
determined from Eq. (21) and (22). The value of k can be determined from Eq. (28) and 
with this value, the values of f’ery and fs7y determined from hq. (24) and (26). 

Of necessity the stresses at any horizontal cross section combine with the stresses due to 
dead load and wind. The maximum stress in the vertical reinforcing steel occurs on the wind- 
ward side of the chimney. The maximum stress in the concrete occurs on the leeward side of 
the chimney at the inside of the chimney shell. 


EQUATIONS FOR COMBINING STRESS DUE TO WIND AND DEAD LOAD WITH 
VERTICAL STRESS DUE TO TEMPERATURE 


Notation 


TT ena Maximum compressive stress in — fatio of distance between inner 


concrete due to wind and dead sur/ace of chimney shell and neu- 
load combined with temperature, 


psi 


tral surface resulting from com- 
bined wind, dead load and tem- 
Stress in vertical reinforcement perature to total shell thickness ¢ 
due to wind and dead load com- Other notations as given previously. 
bined with temperature, psi 


Of necessity at any horizontal cross section the vertical stresses due to temperature as 


determined from the previous section combine with the stresses due to wind and dead load as 
determined from the first section. The maximum combined compressive stress in the concrete 
will occur at the inside of the chimney shell on the leeward side of the chimney and the result- 
ing stress in the vertical reinforcement on the leeward side may be either compressive when 
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Chimne . shell Fig. 22—Stress factors—leeward side of chim- 
Leeward Side ney 
. vy 


" > Note: Terms fie and fav/n should read f*erv and fsrv/n, 
” * respectively 
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- 


Vertical Stee/ 
€ outer Surface 





4 
Ww 
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Tew- comb 
i7) 























N 
~ 
Bev 
n 
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perature only 
Neutral Surface ry 
<Tempt wind & dead load 








Tern, 











b Neutral Surface 





a 
oO 
— 


keomp 18 greater than z, or tensile when k..ms is less than z, in which case this tensile stress is 
not important as the maximum tensile stress in the vertical reinforcement will occur on the 
windward side of the chimney. 

In Fig. 22a is shown the mean compressive stress at the leeward side of the chimney for the 
horizontal section under consideration resulting from wind and dead load. For the purpose 
of combining with temperature stress, the variation of this compressive stress across the 
thickness of the concrete shell as shown in Fig. 19 is neglected and the average stress f’.y at 
the center of the chimney shell is assumed as uniform across the shell thickness ¢. 

In Fig. 22b are shown the stresses f"ery and fsry produced by a difference of temperature 7’, 
between the inner and outer surfaces. Conceive the stress f’oo superimposed on the tempera- 
ture stress diagram, resulting in the combined stresses f’cu-coms ANd femcoms and a new neutral 
plane determined by the dimension keom. Obviously superimposing the stress f’.. on the 
temperature stress diagram will bring an enlarged area into compression and will reduce 
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the tensile stress in the reinforcement on the leeward side of the chimney. It is assumed 
that the slope of the combined stress diagram is parallel to that for temperature only. 

It is apparent that the combined stress f’cwcoms is not equal to f”-w plusf”ery but in general 
will exceed this sum, since only part of the section is available to resist the superimposed stress 
f'ew. Once keoms becomes equal to or greater than unity further increments of f’.. result in 
equivalent increments of f’ cw-coms- 

Now the effect of a difference in temperature between the inner and outer surfaces of the 
chimney shell does not change any pre-existing total or resultant stress on any cross section 
of the chimney. It will be assumed that this is true also for unit circumferential lengths of 
section at the lee and windward sides of the chimney. Then, per unit of circumference, the 
total or resultant stress, hereafter called first resultant, on the cross section due to wind and 
dead load must equal the resultant stress, hereafter called second resultant, due to the com- 
bined effect. of wind, dead load and temperature. Then for the various positions of the neutral 
surface resulting from the combined effect of wind, dead load and temperature, we have: 


Case 1—Leeward side of chimney, k-oms equal to or less than z 

The first resultant (See Fig. 22a) = f'ew [t + (n 1) pt] 

The second resultant (See Fig. 22b) equals the difference between the total combined (wind, 
dead load and temperature) compression and tension, or 

Rew U cmeont 


9 


PUL scomd 


Keomb Gg”. wecomb 


9 


-~ 


Then: f'ew [t + (nm 1) pt] - - Mh e-comb 


or: 2f'cw (1 + pn p) Krona J concoms ~ 2 Bence (29) 
From similar triangles (Fig. 22b): 
Vv ae S" crv Keomp 
or f" cwcoms -= — : (30) 


fcom J swecomb , n(z ’ 
and —e OF fae-comd .. (31) 
NJ cw-comd C 


. r : . . , ; n(z k, mb) fori , 
substituting Eq. (30) in Eq. (31) feumcoms ri . (32) 
substituting Eq. (30) and (82) in Eq. (29) and solving: 

Rosas pn + ) p? n? + 2pnz + 2k (1 + pn - — (33) 

If we do not take account of the area of concrete displaced by the reinforcing steel, the error 
involved is not appreciable and Eq. (29) becomes: 

2f' cw (1 + pn) Reus St saccomd 2 pf ne-coms 


and Eq. (33) becomes: 


vr 


CTV 


Reset pn *| pn (pn + 2z) + 2k (1 + pn)’ 


With this value of kom, the value of f’cw-com» i8 determined from Eq. (30). 


Case 2—Leeward side of chimney, k..m» equal to or greater than z but equal to or less than unity 
The first resultant as in Case 1 = f’ew [t + (n 1) pt] 
The second resultant (see Fig. 23) equals the sum of the combined compression in (part of) 
the concrete and in the reinforcing steel, or: 


Ri mb if” uw=comb k. mb 2 = 
+ (n 1) pl . JS" cw-comd 
2 Recut 
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Fig. 23—Forces acting on chimney—Case 2 


Note: Terms f’ ci» and fev/n should read f"cry and fsrv/n, 
respectively 
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Then: 


Sew [t + (n — 1) pt] 


or: 


2f' eo (1 + pn P) = f" cw-comb & + 


From similar triangles, Fig. 23, we have as in Case 1: 
kt f" crv id f"crv Keomp 
> OF J cw-comd 


Resus t T" cox omb k 
Substituting Eq. (30) in (35) and solving: 


2p 


few 
Keomb p(n 1) + p? (n 1)? + 2p (m 1)z + 2k (1 + on — p)— . (36) 
| Crh 
If we do not take account of the area of concrete displaced by the reinforcing steel the error 


is small and Eq. (35) becomes: 


ad, 2pn (Keomp z) 
Qf'cw (L + pn) =f" cucomd | Keoms + P 


and Kq. (36) simplifies to: 


comt 


cT\ 


pn + / pn (pn + 2z) + 2k (L + pn) 


which is identical with the value of k.om,) in Case 1. 


Case 3—Leeward side of chimney, k-om» equal to or greater than unity 
The first resultant, as in Case 1 = f’ew [t + (n — 1) pt] 
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The second resultant (see Fig. 24) equals the sum of the combined compression in all of 


the concrete and in the reinforcing steel, or: 
vcomb l alk t ( \ , keoms z : fv? 
J cwmcomb + (n ) p cw=comb 
3 mb . f k, mb ‘ 


l 
few [t+(n—1) pt] = - 


Then: 


or: 


. o 2k comb 2p (n 1) (k 
2f'cw (1 + pn p) T snout P + 


comb Keomb 


From similar triangles, Fig. 24, we have as in Case |: 
kt iors me f"crv Kcoms 
ms ; Or J cw-comt 
ey J cwecomb k 
Substituting Eq. (30) in Eq. (37) we have: 
K f' ex 2p (n z+] 
+ tiga 
f"crv 2(1 + pn — p) 


and from Eq. (30): 


Serv 2p (n 
} (39) 
k 2(1 + pn 


If we do not take account of the area of concrete displaced by the reinforcing steel, the error 
is small, and Eq. (38) becomes: 
CT ws 
foo | 


2 
” i (40) 
J CTV 2 


k. ymb 


pnz + | 
(1 


; =— 








sfv 





Ovier Surtace* 
Vevtral Si ~ 
Temp. & Wind & Dead 


_Mevtral Sur 


Fig. 24—Forces acting on chimney—Case 3 


Note: Terms f"c:e and fev/n should read f"crv and fsrv/n, 
respectively 
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and Eq. (39) becomes: 


fr? f’ fers 2 pnz + | 
— 2 oo eee 


Case 4—Windward side of chimney 

Here the first resultant = pt fo 

The second resultant (see Fig. 25) equals the difference between the total combined (wind, 
dead load and temperature) tension and compression, or 
T" wax amb Reem t 


9 


- 


pt f, uw=comb 


Then 
Keoms € J’ c-comd 
pl Ser pl See-comd ia _—s 
2 
k, omb I -comb 
9 


““ 


P Sow P See-comd 


From similar triangles (Fig. 25) we find the same relationship as in Case 1, namely: 
Serv Keoms 

, 
n (z Keoms) Serv 


k 


v7 
f cw-comb 


| 


Substituting Eq. (80) and (32) in Eq. (42) and solving: 


eu 


fers 


on pn + // pn (pn + 22) — 2kp 


but from similar triangles (Fig. 25) 
Serv kt “ k fsrv 
= or f ane Ty ws 
Sfsrv al kt n(z k) 


nm 


ry 
3h 
i i 





t 


Ps 
gate 


rt 
+4 
A agi ied 
ind, Dead Load and Tamp: 


so 
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“i ee 
b 


Sorface 


peralure 


Fig. 25—Forces acting on chimney—Case 4 


Note: Terms f* cts and fre/n — read f*crv and fsry/n, 
vely 
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| Neutral Surfi 
| Vertical Steel* | 
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Putting Eq. (44) in Eq. (43) 


keomb = — pn 4 // pn (pn + 22) — 2pn (z — k) = 
JSTV 


and substituting Eq. (44) and (45) in Eq. (32) we have: 


fsrv 


= "id 
Saw-comd = ~ z+ pn - / pn (pn + 22) 2pn (z k) — .. (46) 
Zz k / Ssrv 


EQUATIONS FOR CIRCUMFERENTIAL STRESS DUE TO TEMPERATURE 
Assumptions 
Assumptions are the same as for vertical stress due to temperature. 
Notation 
Notation for temperature gradient through the chimney shell on any radial line is the same 
as shown in Fig. 21. 
‘ Ratio of distance between inner surface of chimney shell and circumferential rein- 
forcement to total shell thickness ¢ 
Ratio of distance between inner surface and “neutral surface” to total shell thick- 
ness ¢ for circumferential stresses 
= Compressive circumferential stress in the concrete at the inner surface of the 
chimney shell due to temperature, psi 
Tensile stress in the circumferential reinforcement due to temperature, psi 
E., E,, n, L same as for vertical stress due to temperature, psi 
Ratio of cross sectional area of the circumferential reinforcing steel per unit of 
height of chimney to the cross sectional area of the chimney shell per unit of height 
Derivations 
Just as for vertical stress due to temperature, at the inner surface of the chimney shell, the 
elongation due to the temperature difference 7’; 7’, is suppressed and the stress due to sup- 
pression 
f"cre L (Ts ee ae ere were ye. (47) 
At the circumferential steel, elongation due to the temperature difference 7’, 7’, is forced 
and the stress is in the steel. 


fae = LO, = F3 &, ’) T, E, (48) 


Inner Surface ~__ Outer Surface 
——New tra! Surtace 


Circumferential Rein forcerrred 


Fig. 26—Horizontal section through chimney shell 
Note: Terms f"cie and fac/n should read f’crc and fsrc/n, respectively 
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Now equating the total compression in the concrete per unit of height to the total tension in 
the circumferential steel per unit of height. 

V6 foro kt =fsre p' t (49) 
Substituting the values of f’e7c from Eq. (47) and fsre from Eq. (48) in (49) and solving for k’ 

k’ = p’ n + Vv p’ n (p’ n + 22’) (50) 


For a particular case the values of p’, n, 2’, t, L, E., and E, are known. The value of T, 
can be determined from Eq. (21) and (22). 


Then the value of k’ can be determined from 
Kq. (50) and with this value, the values of f’crce and fsrc determined from Eq. (47) and (48). 





Title No. 49-27 


Progress Report on Prestressed Concrete 


By MYLE J. HOLLEY, JR.t 
SYNOPSIS 


Brief review of developments in linear prestressed concrete in the United 
States since the First U. S. Conference on Prestressed Conerete. Though 
Kuropean construction and achievements in prestressing continue to lead 
those in this country, there are now about 100 known projects in the United 
States incorporating linear prestressed concrete construction, either com- 
pleted or under construction ——-about a ten-fold increase in one year. While 
foreign-developed prestressing systems have been widely used, there has also 


been wides pre id application of methods de veloped in this country. 


INTRODUCTION 


At the time of the First U.S. Conference on Prestressed Concrete approxi- 
mately one year ago, circular, prestressed concrete, including primarily pipes 
and tank structures, was firmly established throughout the world. Moreover, 
American firms were among the leaders in its production. The situation with 
respect to linear prestressed concrete, including beams, slabs, columns, that is, 
the components which singly and in combination comprise such structures as 
buildings and bridges was, on the contrary, different. Virtually all of the 
pioneering work had been accomplished abroad. Over a period of at least ten 
years, European engineers had produced not only a considerable amount of 
research but an impressive number of actual structures. The total American 
achievement, by any numerical measure, was small. 

To appreciate the meaning of our subsequent progress, it is necessary to 
recall the reasons why the introduction of linear prestressed concrete CcOon- 
struction into the United States lagged so many vears behind its introduction 
into Europe. 

While giving all due credit to those Muropean engineers who pioneered in 
prestressed concrete, we must realize that this new form of construction, 
however ingenious, would not have flourished had it not been competitive 
with older forms. Presumably the fact that prestressed concrete provided 
substantial reduction in the required material quantities (particularity remark- 
able savings of steel) was a major factor in its rapid adoption abroad. In the 
United States, however, the relatively higher ratio of labor costs to material 
costs has been offered us a tactor disadvantageous to the application of pre- 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill., Sept. 11, 1952. Title No 49-27 is a part of 
copyrighted JouRNAL or THE American Concrete Ixstrrete, V. 24, No. 5 , Proceedings V. 49. Separate 
prints are available at 35 cents each. Diseussion (copies in triplicate) should reach the Institute not later than 
May 1, 1953. Address 18263 W. MeNichols Rd., Detroi Mic) 


+Member American Concrete Institute, Associate Professor o truetul ngineering, Massachusetts Institute 
of Technology, Cambridge 
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stressed concrete. The relatively few American engineers who were familiar 
with European accomplishments believed that the prestressing techniques 
involved expenditures of labor which would be prohibitive in this country. 
For this reason, perhaps, the important progress being made abroad received 
only limited notice in our technical publications. Consequently, the ma- 
jority of architects, engineers, and contractors in the United States were 


uninformed on this significant development. This situation was suddenly 


altered by the successful completion of the first few linear prestressed concrete 
constructions in this country. 

The many uncertainties and questions raised at the start of American 
efforts in prestressing did not imply uncertainty of the structural excellence of 
the new material; they did reflect the dearth of experience in its application. 
The major need was for experience—experience for the designers, the con- 
tractors, the manufacturers. From such experience would come the vitally 
necessary cost data by which could be judged the economic merit of prestressed 
concrete relative to other forms. Cost data would likewise be the yardstick 
by which new developments in prestressed concrete would be judged. Develop- 
ment and experience might almost be accepted as synonymous because de- 
velopment could be expected to be most intense duting the early vears of our 
experience. 

Kach new successful prestressed concrete structure might be expected to 
encourage others to investigate possible applicability of the material to their 
design problems. Thus experience would breed experience provided, of 
course, that each successive application reflected discrimination on the part 
of those responsible for the design and construction. 


STATISTICAL EVIDENCE OF ACTIVITY 


Specifically, what has been accomplished within the United States? This 
narrowing of the inquiry does not imply any lack of recent achievement in 
other lands. To the contrary, it must be acknowledged that they continue 
to lead us by a substantial margin. The long spans, the spectacular propor- 
tions, the indeterminate framing, all these are to be found outside of this 
country. However, such outstanding structures are now appearing in Latin 
America as well as in Europe. 

In reviewing our progress, perhaps one should start with the most obvious 
evidence, that is, a recounting of actual constructions. For this report the 
author has utilized records supplied by the Portland Cement Assn., has re- 
ceived help from several firms actively engaged in prestressed concrete design, 
and has, of course, scanned technical periodicals. The picture, though 
certainly incomplete, is most encouraging. 

At this date there are in this country about 100 known projects incor- 
porating linear prestressed concrete construction. Of these, about two thirds 
of the total are bridge structures, about one third are building structures, 
and a few cannot properly be placed in either category. Most of the 100 
projects have either been completed or are under construction; with few 
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exceptions, contracts have been awarded for the others. While supporting 
evidence is not available, it seems probable that prestressed concrete projects 
still in the planning stage would total at least another 100.) To appreciate 


the significance of the foregoing figures, we need only realize that they imply 


more than a ten-fold increase in a period of one year 

Another interesting comparison is afforded by some statistics presented by 
Curzon Dobell at the conference last year. According to Mr. Dobell’s esti- 
mate, there were at that time about 175 bridges and 50 building frames in 
prestressed concrete outside of North America. Since the American effort 
was then negligible, Mr. Dobell’s figures can be taken as the world total of 
linear prestressed eoncrete structures completed since introduction of the 
technique, or under construction one year ago. In terms of cold numbers, 
it is apparent that the American effort over a rather brief period has not been 
inconsiderable. It would be foolish to exaggerate the significance of these 
statistics, but surely they may be taken as evidence of intense and wide- 
spread interest in the new material of construction 

Additional evidence of the growth of interest is indicated by the increasing 
number of plants in which prestressed concrete is currently being produced 
or research is underway in preparation for such production. According to a 
list compiled by the Portland Cement Assn., there are at least 34 such plants 
A few are temporary plants established for specific jobs, but many are directed 
toward long-range production. 


VARIETY OF PRESTRESSING TECHNIQUES 


With regard to the linear prestressed projects perhaps one of the most 
interesting Observations relates to the variety of prestressing systems em- 
ployed. It will be recalled that the techniques developed in Europe were 
believed by many to be too labor-consuming to be competitive in the United 
States. However, the Freyssinet system, a European development, has been 
employed successfully in several projects in this country. The Lee-MeCall 
system, which was developed and widely used in England, has been specified 
for certain recent structures. The high-strength bars used in the Lee-MeCall 
system are soon to be produced in the United States by a new firm, Stressteel 
Corp. While foreign-developed systems have been widely used, there has 
also been widespread application of methods developed in this country. The 
“headed-wire” reinforcement developed by Prestressed Conerete Corp 
represents one of the important American developments. Of equal significance 
has been the development of factory strand reinforcement which comes to 
the job in exact length and with end fittings attached. This system, pioneered 
by John A. Roeblings’ Sons Co. and more recently available from other wire 
manufacturers, provides reinforcing units in a wide range of strand sizes 

All of the reinforcing systems Just described are employed for post-ten- 
sioned, prestressed concrete. Pretensioned reinforcement has been popular 
for short span, shop-fabricated constructions. For these applications, high 
strength strands, of 5/16-in. diameter or less, have been widely used. This 
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is in contrast to the use of individual small diameter wires typical of similar 
construction in Europe. 


EXPERIENCE IN BRIDGE CONSTRUCTION 


Of the 65 or more prestressed bridge structures, none are of record propor- 
tions, but two, at least, involve large quantities of prestressed concrete. 
The Tampa Bay bridge includes 363 prestressed concrete stringer spans, 
each 48 ft long. In addition to the fact that the bridge involves more than 
3 miles of prestressed concrete structure, it is noteworthy because the rein- 
forcement will consist of high strength Lee-MeCall bars, which had not 
previously been employed in this country. The Garrison Dam Spillway 
bridge includes 32 spans of 48 ft each. The Army Corps of Engineers, for 
whom this bridge was designed, considered the use of prestressed concrete so 
appropriate that bids were not taken on other forms of construction. 

Bridge construction undertaken to date has been of several types. For 
spans up to 50 ft, pre-tensioned, precast slabs have seen considerable use. 
As produced by Concrete Products Co. of America, these slabs are of ree- 
tangular cross section, and are 3 ft wide. The depth depends upon the span. 
Paper tubes are cast in the slabs to reduce their dead weight. 

Machine-made concrete masonry block have been assembled and post- 
tensioned with strand reinforcement to form a beam. These beams, placed 
side by side, tied together with transverse post-tensioned steel, and topped 
with a cast-in-place concrete slab, have formed bridge decks with spans to 
about 50 ft. In the system developed by Bryan and Dozier, the masonry 
block have had a modified box section with upper flange narrower than lower 
flange. Tensioned reinforcement is located outside the block webs. The 
cast-in-place concrete extends down into the space between adjacent beams 
and bonds to the tensioned strands. In the Anjoh system, the block are of 
I-section, and the cast-in-place concrete does not extend between the webs 
of adjacent beams. In both systems, the compressive strength of the cast- 
in-place slab contributes to the strength of the deck. 

Post-tensioned beams have been cast in their final positions in some in- 
stances; in many other cases they have been precast and then moved into final 
position. It is interesting to note that while beams often have been precast 
on the bridge site, they likewise have been manufactured in central plants and 
transported several miles to the site. The latter method has proved practical 
for beam lengths as great as 65 ft when a plant equipped to produce the beams 
economically has been available. 

Post-tensioned, monolithic beams have been of various cross sections, but 
the I- and T-shapes have predominated. In many designs the beams, spaced 
a few feet apart, have supported a cast-in-place deck slab, the beams and 
slab acting as a composite section under live load. ,In other designs the 
beam top flanges have served as deck, the cast-in-place deck concrete being 
limited to the small strips between adjacent top flanges. In most designs the 


separate precast bridge beams have been provided with either precast or 
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cast-in-place diaphragms, and the several beams have been tied together by 
transverse prestressed reinforcement. 

Where monolithic post-tensioned beams have been employed, the tensioned 
reinforcement has usually been grouted in-—even when it consisted of galvan- 
ized strands. This practice reflects a belief that grouting increases the ulti- 
mate strength of post-tensioned members as compared with similar members 
for which the reinforcement is not grouted. It is of some interest to note 


that the U. S. Bureau of Public Roads has issued a design criteria for pre- 


stressed concrete bridges (post-tensioned), under which the grouting in of 


reinforcement is required. 


EXPERIENCE IN BUILDING CONSTRUCTION 


In the application of prestressed concrete to buildings there has been 
considerable variety also. Both the older systems of reinforcement, developed 
in Europe, and the American innovations have been employed with success 
Some designs have utilized machine-made concrete masonry units; in other 
designs there have been single-cast prestressed girders, either precast or cast- 
in-place. In some cases prestressed beams have provided direct’ support 
for roof (or floor) decking. In other designs the decking has been carried 
by prestressed beams which were themselves supported by prestressed gird- 
ers. The deck has sometimes been a cast-in-place slab, sometimes precast 
planks or slabs. 

It is important to note that many of the applications of prestressing to 
building structures have provided rather long spans— spans which could be 
provided by steel girders, but which would be beyond the usual economic 
range of conventional reinforced concrete. As an outstanding example of 
long span applications, there might be cited the 94-ft roof beams which will 
span the gymnasium of the Bishop Du Bourg school in St. Louis, Mo. An- 
other impressive example would be the 84 roof beams of 75-ft span which are 
incorporated in a cotton warehouse at Long Beach, Calif. Special mention 
must also be made of unusually heavy girders being used in the Barrett- 
Lick garage in San Francisco. Of about 60-ft span, these girders carry ex- 
tremely heavy column loads. The girder sections are over 7 ft deep and are 
designed for the unusually large precompression of 2300 tons. There have 
been many other projects with spans comparable to those cited, and, of 
course, there have been applications involving more moderate spans. It is 
apparent, however, that prestressed concrete has been attractive in those 
situations where rather large clear spans were essential. 

The applications of prestressed concrete to buildings have included only 
a few cases in which continuity over interior supports was utilized. This 
is in contrast to recent European practice in which continuous spans have 
been executed with considerable ingenuity. Until similar constructions are 
attempted within the United States, we cannot say whether continuity will 
provide savings in material which more than offset possible increases in 
labor costs. There have been no attempts to apply prestressed concrete to 





406 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE January 1953 


multistory beam-and-column framing; however, even outside the United 
States, applications of that kind are few in number and of recent origin. 

The outline of achievements of the past year in the field of building struc- 
tures would be incomplete without reference to a prestressed concrete roof 
slab incorporated in a laboratory building at the Southwest Research Institute, 
San Antonio, Texas. This flat slab, without columns or drop panels, is 88 ft 
x 38 ft x 6 in. thick, and is supported by steel columns spaced 24 ft apart in 
each direction. The slab was cast at ground level, prestressed in two direc- 
tions, and then lifted to its final position by the Youtz-Slick method. The 
engineers responsible for this undertaking concluded that prestressing tech- 
niques will permit considerable increases in slab spans beyond those now 
practical With ordinary reinforced concrete. They further concluded that 
whereas shear stresses at the column zones are of critical importance in con- 
ventional flat slabs, these shear stresses are of minor significance in two- 
way-prestressed slabs. 


PROGRESS TOWARD A GENERAL SPECIFICATION 


At the time of the MIT conference last year there already was an ACI com- 
mittee which numbered among its objectives the preparation of a proposed 
standard for nomenclature and design in prestressed concrete. A few months 
thereafter this ACI committee was expanded into a joint ACI-ASCE com- 
mittee on prestressed concrete. The joint committee has now assembled a 


x . . 4 °° . . 
proposed nomenclature* and is working toward a proposed specification for 
the design of prestressed concrete. 


Opinion among those who are active in the field of prestressed concrete 
is sharply divided on the subject of a general design specification. Some 
believe any such specification would inevitably be restrictive and would 
stifle development. This group prefers to place reliance on the good judg- 
ment of those skilled engineers who are pioneering development of the new 
technique. A second group believes that we have progressed beyond the 
period when designs were performed by a relatively few specialists. They 
assert that the number of engineers engaged in the design of prestressed con- 
crete is large and is growing rapidly. They believe that “proposed”’ or “ten- 
tative” specifications would be an invaluable aid to these engineers. Finally, 
they feel that the danger that such specifications will retard development 
can be avoided by frequent reviews and revisions. While recognizing the 
merit in each of the two points of view, this author believes that the arguments 
of the latter group will prevail. 

Within the past year the U.S. Bureau of Public Roads has issued a “design 
criteria’”’ for post-tensioned, prestressed concrete bridges. This rather brief 
document probably has influenced the design of some of the bridges which 
have been built during the year. No similar specification relating to other 
types of prestressed concrete structures has yet appeared in the United States. 


*Joint ACI-ASCE Committee 323, ‘Proposed Definitions and Notations for Prestressed Concrete,’"’ ACI Jour 
NAL, Oct. 1952, Proc. V. 49, pp. 85-88. 
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RESEARCH ACTIVITY 


In view of the great activity in design and construction phases of pre- 
stressed concrete, one might well expect a corresponding research activity. 
Many of the university laboratories, as well as those under government or 
private supervision, have initiated investigations of this new material. 

Naturally, a large part of the research effort is designed to produce early 
answers to specific problems which have arisen in design or construction. 
This type of investigation is not only desirable, but inevitable during the 
period of initial development. There has also been considerable activity in 
the form of “‘performance tests.’’ While the author does not believe that such 
tests may properly be termed “research” they do add to our over-all knowledge 
of the behavior of prestressed concrete elements. In particular, they often 
provide an opportunity not otherwise easily obtained for measurements on 
full seale structures. In addition, of course, they permit the sponsoring agency 
to evaluate a new form of construction in a minimum of time. 

There is much that we do not yet know about the properties of prestressed 
concrete, and a substantial portion of the research effort should be directed 
to reducing this ignorance. Fortunately, by drawing on past experience with 
unprestressed concrete, on experience with circular prestressed concrete, as 
well as on European experience with linear prestressed concrete, our engineers 
have been able to proceed with actual constructions. It has not been nec- 
essary to delay all such constructions while awaiting the results of current 
and future research. As the research results become available, however, 
they may be expected to influence both design and construction. 


WHAT OF ECONOMY? 


In many cases of bridge construction, the decision to use prestressed con- 
crete may have been influenced by a desire to “try-out”’ the concept—despite 
probable higher costs. Such a decision, on the part of a public agency re- 
sponsible for the construction of large numbers of bridges, is entirely sound. 
Experience thereby is gained, actual cost data are obtained, and a contribu- 
tion is made to the development of a method of construction which has great 
economic promise. 


Certainly, it should not be inferred that all of the bridges built to date 


were built at a premium. There is evidence that many of these structures 


won in competition with non-prestressed, competitive types. Of course, it is 
difficult to assemble cost data for the many prestressed bridges which have 
been constructed across the country. Nevertheless, we will soon have a 
most reliable indication of the competitive position of prestressed concrete. 
If those agencies which have already contracted for prestressed bridges 
contract for additional bridges of similar types, we may reasonably assume 
that such structures are competitive. 

From the standpoint of economy, the activity in prestressed building con- 
struction is particularly encouraging. While competitive bids are not ordi- 
narily available for alternate designs of a building, neither architect nor 





408 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE January 1953 


engineer will knowingly specify an uneconomical design. When prestressed 
elements are used in building construction, it may be assumed that such 


members provide the most economical solution to the specific problem. Some 


decisions may have been influenced by a temporary scarcity of steel, but even 
in these cases it is unlikely that prestressed concrete would be substituted 
were it not reasonably competitive. 

The long spans, typical of many of the applications of prestressed concrete 
to buildings, seem significant. It is apparent that characteristically small 
depth-span ratios have proven attractive. However, short span applications 
have likewise occurred, and there is as yet no evidence to suggest either min- 
imum or maximum limits to the economical range of prestressed concrete. It 
is too early to assess the probable ultimate competitive positions of the several 
types of prestressed concrete building construction which were undertaken 
during the year. Constructions not yet developed may prove to be more 
economical than any undertaken to date. 


SUMMARY 


Attention has been directed specifically to the changing status of linear 
prestressed concrete in the United States. It seems desirable to summarize 
certain points which seem to be particularly noteworthy. 

(1) Although used widely and successfully in other lands for many years, linear 
prestressed concrete has received serious attention from American architects and en- 
gineers for only about two years. There were, of course, a few Americans ploneering 
at earlier dates, but their efforts were not familiar to many. 

(2) The number of prestressed concrete constructions which have been undertaken 
during the past year is impressive. Foreign-developed techniques as well as American 
innovations have been used with success 

(3) In many cases, prestressed concrete has been selected as the result of successful 
competition with unprest ressed alternate designs In a few instances the governing 
factor has been the shortage of steel. There have also been instances, parti ularly in the 
field of bridge construction, when prestressed concrete has been selected at a known 
premium in the interest of long range benefits. 

(4) Prestressed bridges have been of short to moderate span, although there have 
been examples of multispan construction involving substantial contracts 

(5) In the field of building construction there has been evidence of variety, but the 
frequent use of rather long span prestressed beams and girders has been noteworthy 

(6) With the exception of a “design criteria’ for post-tensioned, prestressed bridges, 
issued by the U. 8. Bureau of Public Roads, no general design specification of official 
or semi-official nature has yet become available. A large number of American engineers 
are now designing in prestressed concrete, and it is desirable that they receive the 
assistance which would be provided by a general design specification as soon as possible 
However, opinion favoring the preparation of such a document is not unanimous. 


While American achievements in linear prestressed concrete still lag be- 
hind the accomplishments in other lands, events of the past year justify a 
hope that the gap may be closed in a relatively few years. Certainly these 
events comprise a big step toward establishing the position of prestressed 
concrete as an important, competitive structural resource. 
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Prestressed Concrete in Tampa Bay Bridge’ 


By W. E. DEANT 


SYNOPSIS 


The Lower Tampa Bay bridge in Florida is noteworthy in several respects. 
The 15-mile crossing will include approximately 3'4 miles of concrete trestle 
constructed with precast and prestressed concrete beams. The bridge in- 
cludes 363 prestressed concrete stringer spans, each 48 ft long. The reinforce- 
ment consists of high strength Lee-McCall bars, the first structure in this 
country to employ this prestressing system. 

A test program on full size members was set up prior to beginning construc- 
tion of the bridge. This also gave the contractor a chance to perfect con- 
struction procedures, which are outlined in the paper. Test results on a beam 
aided in establishing an empirical standard of quality for the manufacture of 
units to be used on the job. A “composite beam’”’ was tested to investigate the 
action of the composite T-section consisting of beam and deck slab. 


GENERAL DESCRIPTION 


The 15-mile crossing of Florida’s Lower Tampa Bay, which is now under 
contract, will include approximately 3! miles of concrete trestle to be con- 
structed with precast and prestressed concrete beams. This type of structure 
won its place in the project by virtue of its being low bid in competition 
with two other more conventional trestle types. The net saving on the over-all 
trestle cost amounted to approximately 4 percent under the bid offered for a 
comparable trestle of conventional cast-in-place T-beam spans. 

The winning design consists of 363 simple spans of 48 ft each. The spans 
are supported by bents of 20 in. square reinforced concrete piles and carry 
a roadway 28 ft wide with 3-ft walkways cantilevered on either side. Each 
span is made up of six precast and prestressed concrete beams supporting 
a cast-in-place deck slab. End diaphragms between the beams will be cast 
in place, but intermediate diaphragms, at the span third-points, will be 
precast, set and grouted in position and stressed normal to the centerline of 
the bridge prior to placing the deck slab. 

The principal prestressed members in this design are the precast beams 
spanning between the pile bents. There are I-shaped, 3 ft 4 in. deep with 
webs 4 in. thick and flanges 14 in. wide. At their ends they terminate in solid 
bearing blocks. These beams are proportioned to carry all of the span dead 
load. The top flanges carry a system of concrete keys 2! in. high and pro- 
jecting stirrups to insure action of the deck slab with the beam as a T-section 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill, Sept. 11, 1952. Title No. 49-28 is a part of copy- 
righted JouRNAL OF THE AMERICAN Concrete INstiruTe, V. 24, No. 5, Jan. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than 
May 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 
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under live loads. The beams are to be cast, cured and stressed in the con- 
tractor’s yard and barged about 15 miles to the job site for erection. After 
the beams are erected and the intermediate diaphragms have been placed 
and stressed, the remaining construction of the deck slab will be quite similar 
to that used in steel I-beam spans. 


PRINCIPAL DETAILS OF PRESTRESSED DESIGN 


The contract plans were developed by the Preload Co. of New York and, 
after review and some modification, were approved by the Florida Road De- 
partment and its consulting engineers for this project, Parsons, Brinckerhoff, 
Hall and MacDonald. The stressing system is based on the use of three 1 in. 
round, high strength bars per beam. Two of these bars are nearly straight 
through the beam, placed approximately in the horizontal plane through the 
center of the bottom flange. To eliminate tension in the top flange near the 
beam ends, the third bar is placed in a parabolic form curving upward from 
the bottom flange at midspan to near the top of the beam at the ends. The 
precast intermediate diaphragms for the span third-points will be stressed 
by a single bar through their centers. In casting the members, open holes 
are formed in the bar positions. The bars are placed and all stressing done 
after the concrete members have been cured. The anchorage provision for 
the bars consists of threaded ends fitted with patented, high efficiency nuts. 
After a bar has been properly stressed, these nuts are turned up to bear against 
steel bearing plates which transfer the force to the concrete. 

After the bars have been stressed and anchored, fluid grout is forced through 
the holes to completely fill the annular space between the bar and sides of 
the hole. This grouting operation is an important feature of the design. As 
initially stressed and anchored, the bar end anchorages must withstand all 
of the initially applied force. After grouting, subsequent changes of steel 
stress due to the application of live loads and impact are considered as ab- 
sorbed by bond developed between the bar and the grout. By this means, 
the end anchorages are relieved of repeated variable stresses. Tests conducted 
on the bar and nut assemblies prior to award of the contract showed this 
condition to be a necessary requisite for a safe design. 

Further information on this design, including the physical characteristics 
of the bars, details of the nuts, results of pre-contract tests and other im- 
portant features, has been published in an article by M. N. Quade in Civil 
Engineering.* ‘This article is recommended to anyone seriously interested in 
this design. 

fONSTRUCTION PROCEDURES 


As proposed by the contractor, the method of placing the 1-in. stressing 
bars consisted of installing 1 5/16-in. diameter inflated rubber tubes within 
the forms in the bar positions, casting the concrete, deflating and withdraw- 
ing the tubes and inserting the bars in the resulting holes. To date, three 


*Quade, M. N., “Fifteen-Mile To!l Bridge Under Construction Across Lower Tampa Bay," Civil Engineering, 
Apr. 1952, V. 22, No. 4, pp. 25-30. 
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beams have been cast by this method, two of which had to be rejected because 
of misalignment of the holes, resulting in great difficulty or impossibility 
of inserting the bars. The tubes have a wall thickness of 3/16 in. and when 
inflated to 30-lb air pressure they have a remarkable stiffness 


The contractor made an elaborate system of removable supports and 
exercised great care in placing, but the small tolerance in alignment between 
diameters of 15/16 in. and Lin. which has to be maintained through concrete 
placement some 3 ft above the top of tubes and 47 ft long, with vibration, 
removal of supports, etc., seemed to present a construction problem for which 
no practical solution could be found, 


Of the three beams cast with the holes formed by rubber tubes, it was pos- 
sible to install the bars in one with some difficulty. In another beam, the 
rods were finally driven in place after much pounding with a sledge hammer, 
but one rod was wedged so tightly that it could not be pulled out to its re- 


quired elongation in the stressing operation and the beam was consequently 


rejected. In the third beam two rods were installed with great difficulty, 
but the third was impossible to place, even by driving with a heavy sledge 
These three beams were intended as test specimens with both the contractor's 


and inspection forces using every possible effort to insure correct manufacture. 


The difficulties encountered in these test beams raised considerable doubt 
as to the propriety of constructing the beams as originally proposed. The re- 
sults of work on these first three beams indicated objections both from design 
and construction viewpoints. We consider it necessary that in applying the 
stressing force that the computed elongation of the bar and the corresponding 
force registered on the jacking gages check within close limits. If any con- 
siderable friction exists between the bar and the sides of the hole, the jacking 
force may be reached before the bar shows its required elongation. This con- 
dition was quite noticeable in one beam which was rejected, and was noticed 
slightly in one beam which was accepted. Any restraining force due to fric- 
tion which prevents proper elongation can only indicate that the stressing 
force is not distributed to the bar uniformly and, consequently, there may 
not be the force at sections where it is needed. Also, any considerable re- 
straining forces due to friction may break down later, resulting in a loss of the 
force. 

This condition indicated that the proposed procedure was unsatisfactory 
and that some revision would be required to insure the integrity of the struc- 
ture as well as to permit the maintenance of a construction schedule. Faced 
with this contingency, the contractor proposed the use of L!o in. O. BD. spirally 
wound flexible metal tubes to form the holes. The bars will be installed in the 
tubes and placed in the forms in their correct positions. With the tubes tied 
firmly in position and their ends sealed against the intrusion of concrete, 
this method appeared to be a satisfactory expedient. One test beam was 
constructed using this method and the bars were noted to be absolutely free 
within the duets. Elongations checked with the jacking force This method 
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was, accordingly, accepted with the contractor furnishing the metal ducts 
without extra compensation. 
Grouting in bars 

Grouting of the small annular space 47 ft long between the side of the 1 in. 
bar and side of hole isan unusual problem. Grout pipes 4% in. in diameter are 
tapped into the bar holes at each end of the beam. The grout consists of one 
part portland cement, 44 part fly ash, 344 part screened and washed beach 
sand. Four to 6 gal. of water and 1 lb of Plastiment are used per bag of 
cement. The consistency is approximately that of heavy paint. Grout 
applied continuously under moderate pressure to the grout pipe at one end 


Is 


until a steady exhaust is shown through the grout pipe at the other end. 
The pressure is then raised to approximately 35 psi and the pipes closed 
under this pressure. 

To be effective for the purpose intended, the grout must be capable of de- 
veloping bond sufficient to absorb all variations in steel stress due to the 
passage of live loads. This bond requirement is small. Under H-20 live load 
and impact, the maximum bond requirement at the bar ends is approxi- 
mately & psi. Several pull-out tests have been made on specimens 3 ft long 
grouted in the manner specified for the beams. These tests have been made 
with holes formed by the rubber cores and by the metal ducts. Fourteen- 
day pull-out tests with both types of holes have indicated bond strengths 


of about 200 psi. Grouting of these short specimens may have been conducted 


Bisa» 


Fig. 1—Casting yard and forms for bridge beams 
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under more favorable conditions than in the long beam, but the high test 
values indicate an ample margin of safety. 

In stressing the bars, care is taken to keep the stresses symmetrical about 
the vertical axis of the beam. The two bottom bars, which are nearly straight, 
have their threads extended at one end for attachment to the jack. These 
two bars are installed with their extended threads at opposite ends of the 
beam. The curved upper bar has extended threads at both ends. Jacking 
is carried on at both ends of the beam. The two bottom bars are stressed and 
anchored simultaneously, after which, both jacks are moved up and attached 
to the ends of the upper bar, which is stressed by simultaneous pulls from 
both ends. The jacks are equipped with vernier scales for measuring bar 
elongations to 0.01 in. and with pressure gages for measuring the jacking 
force. 

The contractor has set up his plant for manufacturing the 2178 beams 
required for the job and routine manufacture was commenced in September, 
1952. 

The casting yard consists of six concrete floored pallets. Mach pallet 
provides space for casting 12 beams. Side forms for 12 beams have been con- 
structed of 3, 16-in. steel plate backed by a framework of structural steel 
shapes (Fig. 1). A rail mounted whirley alongside the yard will handle con- 
crete to the forms and the completed beams to storage areas and barges. 

Concrete to be used in these beams will consist of a high strength mix 
developing 5000 psi minimum compressive strength at 28 days and 3600 psi af 
7 days. Concrete for the cast-in-place decks will be one of the highway de- 
partment’s standard mixes with 28-day minimum strength of 4000 psi 

Specifications permit partial stressing of the beams sufficient for handling 
stresses when the concrete has reached a compressive strength of 3000. psi 
and full prestressing at a compressive strength of 4000 psi. Assuming that 
3000 psi strength will be reached in about five days, it is possible that the 
entire casting yard at top production could be used once a week. ‘To date 
only about half of this construction rate is being realized. 


TESTS OF FULL SIZE MEMBERS 


This being the first prestressed construction undertaken by the Florida Road 
Department, the first use of the large high strength MacAlloy bars for pre- 
stressing reinforcement in bridge members in this country, and in over-all 
length and number of prestressed members the largest installation of its 
kind in the world, a rather elaborate program of testing full size members was 
undertaken. The initial tests required by the specifications called for two 


beams. One of these was specified as a beam alone, constructed exactly as 


the beams to be used in the bridge and will hereafter be referred to as the 
“bare beam.”’ The other specimen was a similar beam with a 6 ft wide section 
of deck slab cast thereon after the beam had been stressed and the bars grouted 
This specimen will hereafter be referred to as the ‘‘composite beam.”’ 
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The purpose of the composite beam is, of course, to test the action of the 
composite T-section consisting of beam and slab, which was considered in the 
design as resisting live loads. 

The purpose of the bare beam is to establish an empirical standard of 
quality to apply to the manufacture of beams to be used in the job. This beam 
was tested in bending by a gradually applied load at midspan. The load at 
which the first visible crack appeared was noted. During the manufacture 
of beams for the project, one in every 200 will be similarly tested.  Specifi- 
cations require that these beams shall not show a visible crack at a load 
less than 90 percent of the load which produced the first visible crack in the 
bare beam. 

Final tests will consist of two specimens identical with the bare beam 


and composite beam which are to be selected at random from among beams 


manufactured near the start of the work and stored for a period of a year or 


just prior to completion of the job and then tested. The purpose of these 
tests is to evaluate any long time losses of prestress by comparing the test 


results of these last beams with the results shown by the original tests. 


RESULTS OF TESTS 


Faculty members and senior students from the Civil Engineering Depart- 
ment of the University of Florida assisted in the tests by making a thorough 
series of strain and deflection measurements. <A listing of these measurements 
and the detailed conclusions to be drawn from them are beyond the scope 
of this paper. Only the more obvious over-all results will be reported here. 

Tests of the composite beam representing the actual T-section to be used 
in the bridge will probably be the most interesting and the remainder of this 
paper will be confined principally to them. 

On the date of testing the ages of the various parts making up the specimen 
were as follows: concrete in beam, 63 days; time elapsed since stressing, 53 
days; time elapsed since grouting, 50 days; and concrete in slab, 45 days. 

Properties of the conerete at the time of testing as shown by the aver- 
ages of a series of beams and cylinders which were field cured exactly as the 
composite beam and broken on the day of testing were: concrete in beam 
compressive strength, 5500 psi; modulus of rupture, 635 psi; and modulus 
of elasticity, 4.78 & 16° psi. Compressive strength of the concrete in the slab 
was 4610 psi. 

Composite beam 

The composite beam was the one beam that had been acceptably manu- 
factured using the rubber cores to form holes for the rods. It had originally 
been intended to test it when the slab was 28 days old. The trouble and 
confusion incident to the casting of two other beams which were rejected, 
the elimination of the rubber cored holes and the substitution of the flexible 
metal ducts delayed the manufacture of an acceptable bare beam and as it 
was desired to test both the same day, the testing program was delayed. 
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Fig. 2—Composite beam under test. Jacks in position for shear load 


This delay had the advantage of allowing more of the losses due to shrinkage 
and creep to take place prior to testing. According to the best information 
available, considerably more than half of the eventual losses probably had 
taken place prior to testing. 


The composite beam was required to meet definite specified criteria both 


in bending and shear. These criteria were specified as multiples of standard 


highway H-loadings as given in the AASHO design specifications. As shown 
by Table 1 the beam was cevigned to maintain a small compression in the 
bottom fibers under H-20 li load. Specifications required that there be 
no visible cracking under a bending load equivalent to H-20 live load. They 
also required that the section stand both a bending and shear load equivalent 
to H-60 without failure; failure being defined as permanent damage due to 
rupture of the steel or crushing of the concrete, or both 


TABLE 1—DESIGN STRESSES 


crete stresses, psi 
After los 


lop fiber Initial 
stresses 
iirder Slab fiber in bars 
1. Prestressing 79,400 
2. DL girder 
Potal (1 +2 


70,400 


3. DL slab + stiffer 


4.00000) 


Potal dead load 2,400 


41, H-1S (LL + 1 $200 


Potal (1 +2434 


so O00 


5. H-20 (LI 1150 


Potal (1424345 SH 550 
denotes tension 


denotes compression 
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Test set-up 

A heavy reinforced concrete slab was constructed under the entire testing 
area. Beam supports consisted of concrete piers constructed on top of the 
slab. Curved bearing plates 46 ft between centers were cast in the beam 
ends. These rested on steel bearing plates on the pier tops. The loading 
was applied by means of hydraulic jacks working between the top of the 
beam and steel yokes which were anchored to the slab underlying the testing 
area. In applying the loads for both bending and shear, jacking was done 
from two points 14 ft apart and the distribution of load between the two 
jacking points was maintained in the ratio of 1 to 4 (Fig. 2). This spacing 
and distribution of loads simulated the axle spacing and weight distribution 
of a standard H vehicle as specified by the AASHO. A simple multiplier 
applied to the load on the jacks gave the H rating directly. For the shear 
load the heavy jack was placed within 2 ft of one end support and for the 
bending load the heavy jack was placed at the span center. 

The shear test to H-60 loading was performed first. Results of this test 
can be adequately summarized by the simple statement that nothing of concern 
happened. There was a maximum deflection of 0.009 ft near the span center, 


no cracking or any other evidence whatever of any distress. 


Bending test 

After completion of the shear test the jacks were moved into position for 
applying the bending load. The load was applied in three increments up to the 
equivalent of H-20. The midspan deflection under this load was 0.007 ft, 
otherwise, the condition of the beam was unchanged. The load was then in- 
creased in five increments to H-40 with the large audience present inspecting 


the beam at each increment. Just as the H-40 load was reached, a slight pop 


was heard, and the first significant crack showed at midspan, extending com- 
pletely through the bottom flange and to about '3 of the height of the web. 


Fig. 3—Loading H-45. Crack at 
center of beam first appeared at 


load H-40 
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Fig. 4—Cracks at right of beam 
center at loading H-60 


Through these stages, deflections had been increasing at an average rate of 
about 0.0025 ft per increment, but on the last increment which resulted in the 
crack the deflection increased 0.008 ft. The total deflection at this loading 
was 0.025 ft. The load was increased to about H-45, principally for the pur- 
pose of obtaining a photograph, at which stage the crack had extended the full 
height of the web (Fig. 3). Upon reduction of the load to H-20 the crack 
entirely disappeared. Upon complete removal of the load, the beam recoy- 
ered its entire deflection. This was a little surprising, as the steel through 
the cracked section had probably been stressed to a point where a slight 
permanent elongation would be expected; however, the effect of bond had 
evidently restricted this overstressed section to a rather short length 

The load was then applied in three increments up to H-60.) Up to H-40 the 
structural behavior was not noticeably different from that under the first 
loading except that the crack became visible at about load H-25. At H-40 
the deflection was again read as 0.025 ft. During the latter stage of the 
increment from H-40 to H-60, cracks began developing rapidly through the 
middle half of the span at 2 to 4 ft centers (Fig. 4) and the deflection increased 
from 0.025 to 0.145 ft. The maximum width of cracks at this stage was about 
14 in. 
The load was next completely released and the effect of permanent clonga- 
tion of the steel was clearly evident. A deflection of 0.016 ft remained at mid- 
span and although all cracks closed, they remained clearly visible as fine hat 
cracks. 


The load was next applied with the intention of breaking the beam. Up to 


H-60 the structural behavior was not different from that under the previous 


loading except that the cracks seemed to open slightly wider and there was 
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Fig. 5—Failure of composite beam at approximately H-72 loading 


0.035 ft additional deflection. Between H-60 and H-70 the beam began to 
fail rapidly with yielding of the steel. Cracks opened up to as much as 1 
in. in width. Large horizontal cracks along the bottom flange and diagonal 


cracks in the web opened, indicating failure in shear and diagonal tension, 


the top of the slab began to crush, and deflections increased at a greatly 


accelerated rate. Although the maximum load reached the value of about 


TABLE 2—STRESSES IN COMPOSITE 
BEAM DURING TESTING* 


Concrete stresses, psi 


Load condition lop of Bottom of Steel 
slab beam stress, psi 


DL and prestress O16 87.400 
H-24 (LL+1 + O14 4,070 
Potal (1 +2 : 92,370 


H-40 (LL +1 
Uneracked 


Potal (143 


H-+0 Cracked sec 
tion. Linear stress 
distribution in con 
crete. Load after 
cracking resisted 
by simply rein- 
forced section 
lotal stress 


H-H0 Cracked sec 

tion. Rectangular 

stress distribution 

in concrete, 

lotal stress 2720 L5 1.800 


*Stresses are based on assumption that 25 of even 
tual loss of prestressing force had occurred at time of 
testing 


denotes tension 


denotes compression 
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H-77, excessive deflection from yielding of the bars was such that this load 
could not be maintained. 

Actual collapse came under an applied load of about H-72 (Fig. 5) when in 
succession both bottom bars broke within a large crack at midspan and the 
top slab crushed through its full depth. The last reading just prior to collapse 
showed a total deflection of 1.86 ft. 

Stress distribution 

Principal purpose of the test of the composite beam was to observe the 
action of the beam and slab as an integral T-section. The results of the tests 
seem to confirm completely the validity of the assumption of composite 
action. At no time during the tests was there the slightest evidence of dif- 
ferential slippage or separation between beam and slab. Eight strain gage 
points on the slab and two on the upper flange of the girder indicated a dis- 
tribution of stress over the entire section. 

An approximation of the stresses in the steel and concrete during testing is 
perhaps of interest, but this is offered with some reservations and qualifica- 
tions. Any computation of stresses must include some assumption of the 
amount of loss of the original prestressing force due to creep and shrinkage. 
For design purposes the total eventual loss was taken as 15,000 psi in the 
steel. At an age of 53 days after stressing and 45 days after casting of the 
slab the greater portion of the losses will probably have taken place. The 
losses were accordingly estimated at 10,000 psi in the steel and Table 2 was 
based on this assumption. 


Based on the action of the beam during testing, this estimate is probably 


not far out of line and the stresses shown for loads up to H-40 should be a close 
approximation. 

After cracking the beam, releasing the load, and re-applying it the first 
crack became visible at about load H-25. It will be noted that the stress 
tabulation shows zero stress in the bottom fiber of the concrete at H-24. 
On the first application of load where the beam cracked at H-40 the stresses 
just before and after cracking are shown. It will be noted that the bottom 
fiber stress before cracking was 600 psi which compares fairly well with the 
635 psi modulus of rupture of test specimens broken the same day. 

Stresses shown for the H-60 load are certainly questionable as the dis- 
tribution of stress across the section and the actual location of the neutral 
axis are uncertain. Based on the known average ultimate strength of the 
bars, the steel stress shown is probably high and the concrete stress corre- 
spondingly low. Yielding of the steel and consequent release of some of the 
prestressing force could explain this. The ultimate strength of the bars 
averages about 150,000 psi, whereas the steel stress for H-60 loading is shown 
as 151,800 psi and before breaking the beam withstood a load about 25 per- 
cent higher. 

CONCLUSIONS 

While the tests described were limited in scope, the following tentative 

conclusions are, perhaps, justified for a project of this type. 
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(1) Structural behavior of prestressed members can be predicted within a limit of 
accuracy which will compare favorably with that of other structural types. 

(2) For heavy working loads and for some considerable overloads, the structure 
should remain crack-free. For a concrete structure in a warm, humid atmosphere 
and constructed over salt water this is an important consideration. 


(3) For severe overloads resulting in cracking, the cracks should close upon removal 
of the load and the strength of the structure will not be impaired. 


(4) Against an ultimate failure load, the composite beam described was possibly 
not as strong as a conventional reinforced concrete beam designed at ordinary unit 
stresses. However, an actual ultimate load is not the aim in design. The ability to 
withstand ordinary usage including heavy overloads without permanent cracking and 
exposure of the reinforcing is an advantage peculiar to prestressed construction. 

(5) This design for the Tampa Bay bridge is expected to result in a sound and 
serviceable structure. 
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Design and Construction of a Fully Vibration- 
Controlled Forging Hammer Foundation*® 


By ALDEN M. KLEINTt and J. H. A. CROCKETTY 


SYNOPSIS 


The necessity of overcoming enormous ground vibrations due to forging 
operations and a desired lowering of production costs through less maintenance 
led to an entirely new design of a foundation for an &-ton forging hammer. 

This hammer is the first to be fully analyzed for shock, vibrations, move- 
ments and loads in all directions; the first to be built with prestressed con- 
crete; the first to use high strength grouted concrete. The high strength and 
homogeneity requirements for the concrete and the extremely difficult: placing 
conditions were met and overcome through the use of specially designed high 
strength grouted concrete. 


INTRODUCTION 

Unique construction was used in a new foundation for an 8-ton forging 
hammer used generally for forging large ingots of nickel and nickel alloys. 
The hammer is actuated by super-heated steam at a much higher pressure 
than normally used, thus producing almost the greatest possible shock in 
general forging practice. Primary requirements of the owner were that the 
previous enormous ground vibrations be eliminated and, if at all possible, 
lower production costs through decreased maintenance. 

In addition, the design considered the tremendous shock to the foundation 
at the moment of impact, the vibrations, movements, and loads in all direc- 
tions due to the impact, and the necessity of guarding against fatigue failure 
of the concrete caused by the millions of reversals of stress occurring in a 
comparatively short period in normal operations. The high strength and 
highest possible degree of homogeneity required of the concrete, coupled with 
the complexity of the installation, made unsuitable even the highest quality 
concrete normally used. 

This installation, therefore, is the first forging hammer foundation to be 
fully analyzed for vibration, movements and loads in all directions; the first 
to be designed to reduce maintenance of the hammer; the first to be designed 
to prevent or minimize fatigue failure in itself; the first to be built of pre- 
stressed concrete; and the first in which specially designed high strength 
grouted concrete was used. 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill, Sept. 11, 1952. Title No. 49-29 is a part of copy- 
righted JouRNAL oF THE AMERICAN Concrete INnstirure, V. 24, No. 5, Jan. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than 
May 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 
_tMember American Concrete Institute, Assistant Manager, New York District, Robert W. Hunt Co., New York 


tCivil and Structural Engineer, London, England 
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RESEARCH 


In recent years a great deal of research'? has been done to determine how 
forging hammers actually behave and how their foundations work in connec- 
tion with the entire installation, and at the same time to determine whether 
there was any definite association between behavior of the foundation and 


hammer maintenance which, in some cases, was extremely high, occasionally 


being as much as 85 percent of the available working hours. 


PHYSICAL THEORY AND ITS APPLICATION 
Vibration damping 

Forging hammers consist essentially of a large anvil mounted on a concrete 
foundation with a timber pad between the anvil and the foundation, the 
pad protecting the foundation from the enormous shock generated when 
the anvil is struck on its top surface. This pad works as a spring which obeys 
simple harmonic motion with the weight of the anvil. Not only the anvil, 
but the foundation and ground underneath also act as a weight on the springy 
earth,*?* forming a complex oscillatory system of two springs and masses, 
each weight having six degrees of freedom giving 12 natural frequencies in all 
to the system. There are three modes of oscillation in translation and three 
in rotation in each of the three main planes. It was discovered in previous 
research’ that soils appear to have natural frequencies and some of these 
are shown in Table 1. Thus a very soft clay can oscillate naturally at about 
10 cycles per sec., while a good stiff dry sand has upwards of 30 cycles per sec. 

It is clear that, as a result of the blow, a shock wave will travel right through 
the whole system and set it into oscillation, each part oscillating at its own 
natural frequency. Should any two parts have the same or approximately 
the same natural frequency they will be in resonance, the general effect 
being to build up amplitude. During the hammer research numerous cases 
were examined where undue liveliness and even breakages of parts had been 
reported, and in every case they were found to be due to this factor. It is, 
therefore, essential that resonances be avoided in hammer foundations. 

One further factor which must be added to those of mass and resiliency 
is that of damping, either with oil dampers or friction dampers. With this 
8-ton hammer the blows on the anvil occur every 34 second, so all the resulting 
oscillations of the anvil and foundation, together with the hammer super- 
structure, must be completed and the entire installation brought to quiescence 
again within this period. In addition, the amplitude of movement of the 
hammer must be small to avoid both discomfort and loss of efficiency in the 
operating crew. 

In the present case (Fig. 1), an additional annular block surrounds but is 
free of the anvil. Both this block and the anvil are mounted on independent 
rubber springs which sit on a lower concrete block and this, in turn, is mounted 
on helical springs near the bottom of the reinforced concrete pit, so reducing 
the live load to the soil to only a few tons. A sump is provided at the bottom 
of the pit to catch condensate water and seepage. Fig. 2 illustrates schemati- 
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Fig. 1—General hammer and foundation arrangement 
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TABLE 1—FREQUENCY AND BEARING VALUES OF SOILS 


Sale 
bearing 
pressure, 
tons 


Frequen 
Cy, eveles 
per sere 


per sq it 


Peat 6 ft thick, overlying sand 

Medium sand, with peat remnants, old, 6 ft thick 
Gravelly sand with clay lenses 

Dense old slag fill, well compacted by traffic 
Very old, well compacted fill ot loamy sand 
Tertiary clay, moist 

Lias clay, moist 

Fairly dense medium sand 

Fine sand with 30 percent medium sand 
Uniform coarse sand 

Very dense mixed grain sand 

Dense pea gravel 

Limestone, undisturbed 

Granite, undisturbed 


Peat 

Waterlogged estuarine silt 

Very light soft clay 

Light waterlogged sand 

Medium clay 

Lavers of hardish peat and sand mixed 

Stiff clay 

Silt and sand mixed 23.3 3 
Sand and rubble loosely compacted 23. 3 
Limestone e 5 25 
Ciranite 10) 100 


femauarks 


Lorenz, 1934 


All values 
measured 
using 

Ost lator 


Andrews and 
Crockett, 1945 


Frequencies 
measured using 
hammers 


Pressures 
are engineers’ 
estimate 
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All parts are completely visible and accessible for maintenance, a point 
considered by the designers to be of paramount importance in hammer founda- 
tions; if any part should fail it can be removed without disturbing the rest of 
the installation. With conventional foundations the hammer nearly always 
has to be dismantled and the anvil jacked out of the foundation before any 
repairs can be made, which is a long, costly, and production-disrupting op- 
eration. 

The shock wave which travels through the anvil and the rest of the system 
has a wave length determined by several factors: duration of the blow, den- 
sity of the material in which it is traveling and also Young’s modulus. This 
wave length is only a few feet when hammering hard nickel alloys and this 
short length creates special problems. The wave is like an extremely high 
powered sound wave and is reflected and refracted from surfaces and bound- 
aries in exactly the same way. The shock wave reaching the bottom of the 
anvil is partly reflected back again, but a small amount is refracted through 
into the rubber spring, then from the rubber through its boundary into the 
concrete. Here special precaution must be taken, for conerete normally 
has little tensile strength. Shock waves in compression, when reflected from 
a concrete-air boundary, are reflected in tension, and should any of these 
come to a focus at any point, the tension will build up sufficiently to cause 
failure. Conerete blocks, therefore, have to be given an enveloping shape 
to cause stress Waves inside them to disperse rather than to come to any focus. 

The velocity of travel of a stress wave is proportional to the square root 

—_ of Young’s modulus of elas- 
ticity times gravity divided 
by density. Thus any wave 
approaching a plum of good 


concrete surrounded by 


. = ae - 
poorer concrete as In Fig. 3 


will increase in its velocity 
While passing through the 
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Fig. 2—Oscillatory system for 8-ton hammer installation mer foundations made of 
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Fig. 3—Shock wave passing through plum of good material surrounded by poor matrix 
extremely poor concrete have remained unbroken for many years since they 
are, no doubt, of uniformly poor concrete throughout. 


Preventing fatigue failure 


Concrete, as does steel, can fail in fatigue. After a few hundred thousand 


reversals of stress, the strength of the concrete is actually reduced to perhaps 


half its original value. This condition occurs particularly when the stress 
oscillates from tension to compression and back again, but it is not nearly 
so marked if the stress can be kept entirely compressive so that changes 
merely represent a little more or a little less compression. This disrupting 
effect of strongly oscillating forces is considerable; even in this fully controlled 
case the live load from the anvil is about five times its dead load. 

For these reasons it was decided to use prestressed high strength concrete 
with low water-cement ratio, prestressing in all three directions simultaneously. 

So as not to disturb plant production, it was decided to use an existing 
pit which was, nevertheless, too shallow and inconveniently narrow. The 
pit was therefore deepened and a new bottom inserted using the existing 
piles below. At the old pit floor level a heavy reinforced concrete frame was 
formed to take both the side earth thrust and also the outward thrust im- 
posed upon it by the side springs from the lower block. The pit was too 
narrow to provide both the width required for the lower block and the space 
around it for the stressing jacks, which require a minimum working space of 
3 ft. There was not enough room for jacking the prestressing cables under- 
neath the block so the eables had to be arranged so that all of the three- 
dimensional prestressing could be done by jacking from the two ends of the 
lower block only. 

After many trials a system was devised whereby cables start at one end 
of the block, pass diagonally through to the other end, there to turn through 
fairly large radii and then return to the same end at which they started. 
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lig. da, illustrating the A 





and B cables, shows how 
this was done and also that, 
by making them slope up 
from opposite sides they 





could, at the same time, 





be made to compress the 
block vertically. It was 
also decided to use cables 


as in Fig. 4b, which com- 





press the whole center of the 
block vertically, because it 
is known that this is an 
important feature in ham- 
mer foundations. 

When prestressing cables 
pass around a bend there 
is considerable friction be- 


tween cables and sheaths, 





thus preventing the cables 
slippingthrough the sheaths 
and developing their full 
tension. This difficulty was 
largely overcome by over- 





stressing the cables at first 
and then letting them part- 
ly slip back again. In the 
A and B cables, however, 





there are two bends of more 


b than aright angle each, and 


is f ‘learly we 
Fig. 4—General method of stressing in three dimensions in this method clearly would 


lower block, jacking from ends of the block only not account for all the nec- 
essary prestressing. Two 
flat 15-in. diameter Freyssinet jacks (Fig. 5) were therefore inserted at each 
of the points X in Fig. 4a, with a saddle on top of them so that, when the 
flat jacks were inflated, the middle portion of the A and B cables would be 
further extended and would be pulled slightly round the difficult: corners 
It will be seén from the general view in Fig. 1 that the lower block over- 
hangs in part and that these cantilevers have to support the legs of the 
upper block at the corners. These double curved cables were placed around 
the corners of the lower block to hold them in. 


Although Freyssinet cables were used to take up all calculated bending mo- 
ments, mild steel bars were placed just within the entire surface of both blocks 
to prevent fine hair cracks, since in dynamic structures stress concentrations 
around cracks lead to fatigue failures spreading throughout the whole member. 
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It was feared that the cables might ultimately slip through the anchor cones 
owing to the extremely high dynamic stresses, repeated millions of times in a 
year. For this reason the Freyssinet Co. requested a °¢ in. thick mild steel 
plate suitably drilled to be threaded over the ends of the cable strands out- 
side the male cones after the stressing operation as an extra safeguard and 
these plates, along with the cables themselves, were later grouted in solid. 
Springs and dampers 

Fig. 6 is a view underneath the lower block in the sub pit and shows the 
main helical springs on which the whole installation rests. Should any of 
these springs fail they may be taken out individually or in groups of nine 
without having to jack up the whole block. The friction dampers, surrounded 
by tightening springs and each individually adjustable, appear in the corners 
of the sub pit mounted on a concrete pedestal and steel supports. In the 
foreground, just in front of the picture, there is a sump to catch condensate 
and other water, the condensate collecting in a lagoon on the top surface of 
the lower block and draining itself by tubes through the heart of the block, 
the lower ends of these tubes just appearing on the soffit of the block. The 
flexible hose of the drainage pump appears also in this view. At both ends 
of this sub pit is an access or escape way. 

The upper block weighing 160 tons, almost the same as the lower block, 
is mounted on four massive legs to provide access space to side-controlling 
springs and further dampers, and to the sides of the anvil and its springs 
(Fig. 7). No reliable information was previously available about the tem- 
perature which the lower portions of an anvil would reach, though there 
have been persistent reports that old timber pads were sometimes charred 
when taken out, which is hardly surprising since the top of an anvil can be- 
come just red-hot after pro- 
longed hot forging. Since 
the rubber springs under 
the anvil must on no ac- 
count be allowed to rise 
much in temperature, pro- 
vision was made for cooling 
them if needed. After start- 
ing this hammer daily rec- 
ords of the anvil temper- 
ature were taken and, when 
the bottom had reached 
120 F, a small water spray 
was put on which immedi- 
ately lowered the tempera- 
ture to areasonable extent. 

All the sideways acting 
rubber springs are mounted 2 , 
on welded steel brackets Fig. 5—Flat Freyssinet jack 
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Fig. 6—View under lower block, showing main ground vibration reducing springs, friction damrers, 
pump hose, bottom ends of drain holes, and lower ends of stressed holding bolts 


and these brackets are held down tightly to the lower block by high tensile 
steel bolts using the Lee-McCall system of prestressing bars. These bolts 
were jacked at their lower ends to a stress of 30 tons per sq in., while the 


brackets were suitably shimmed, so that the springs have a pre-compression 


such that under no conditions of oscillatory movement will they ever become 
loose or chatter, even though there may be a large eccentric blow causing 
considerable sideways and rotational movement of all masses. The biggest 
eccentric. blow occurs here when a 2-ton weight, lifted by the overhead travel- 
ing crane, is swung 40 ft on to the top side of the anvil for driving in the keys, 
or fixing wedges, used for holding the anvil pallet tightly in place. 

The anvil is seated on its rubber springs and within the center recess of the 
upper block so that the gap between the side of the anvil and the upper block 
is sufficiently large to enable the Lee-McCall prestressing bolts to be with- 
drawn should they fail. 

In this way the hammer superstructure and the anvil are located one to 
another perfectly with no risk of them becoming out of true once they have 
been properly adjusted and the rubber has taker up its initial and working 
creep. Hammer manufacturers have been trying since 1843* to solve this 
problem and civil engineers have now succeeded through foundation control, 
thus demonstrating that such an installation must be considered as a whole; 
the machine, foundation and the ground are all completely interrelated. 

The hammer was next mounted on the upper block with a 1 in. thick high- 

*Francois Cave—first steam drop hammer, 1836, France; Bourdon Fréres—214-ton open forge hammer at 


Societé Schneider, Le Creusot, 1841; and James Nasmyth’s first steam hammer, 1843—2!9-cwt tup, England, now 
in Chicago Museum of Science and Industry 
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quality timber pad grouted with cement and sand to make it fit the top 
surface of the block and the underside of the hammer base plate. Instead 
of the old 3!5 in. diameter steel holding bolts, 14 in. diameter high tensile 
steel bolts were used to hold the hammer in place, but to avoid risk of erack- 
ing the base plate these were not prestressed. 

The floor joists were placed clear of the upper block and hammer super- 


structure and resting on the pit walls. The steel floor plates were placed 


upon these, with scale traps all around the edges of the anvil and hammer 


legs to minimize scale dropping down into the pit below. 


CONCRETE 


This installation, the first of its kind, led to an investigation to determine 
the best aggregate available within a reasonable distance. This resulted in a 
decision to use crushed dolomitic limestone and crushed limestone sand from 
Fort Springs, W. Va., approximately 250 miles from the installation at 
Huntington, W. Va. 

The 135 cu yd of concrete for the replacement of the pit bottom were 


stipulated to be “ordinary good concrete of a strength of 5000 psi.’ This 
strength is on the basis of 6-in. cubes and is equivalent to approximately 
$200 psi as measured by 6x 12-in. cylinders 

The concrete used in the pit bottom consisted of 7.5 sacks of Type IT port- 
land cement per cu yd, crushed limestone sand with a fineness modulus of 
2.79, and No. 4 to 34-in. crushed limestone with a fineness modulus of 6.70 


The mixture used was 1:2.01:2.35 by weight with a slump of from 3 to 4 in 


Fig. 7—Access space between lower and upper block, allowing full observation, adjustment 
maintenance, or replacement of dampers and springs to anvil and upper block 


‘ 
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The average strength of 6 x 12-in. cylinders from this mixture was 4837 
psi at 28 days. 

Concrete for the upper and lower inertia blocks, because they are parts 
of a dynamic foundation, was required to be far better than ordinary, or 
even high quality, construction concrete. The prime requisite was that this 
concrete be absolutely homogeneous, insofar as this term can be applied to 
concrete, so as not to disintegrate during passage of the stress waves. Sec- 
ondly, it was stipulated that the ultimate, strength be around 10,000 psi on 
the basis of 6-in. cubes, equivalent to approximately 8500 psi on the basis 
of 6 x 12-in. cylinders. Third, due to the fact that this concrete was to be 
post-tensioned, a strength of approximately 4000 psi was required at 7 days. 
In addition to these rigid requirements, the complexity and close spacing of 
the reinforcing steel and cables necessitated the use of concrete having extra- 
ordinary placeability while a high cement content could not be used due to 
danger of excessive drying shrinkage. 

It developed that the base plate for the anvil, in the center of the block, 
and the base plates for the four legs of the upper block, in each corner, would 
have to be set and aligned before any concreting was started. These five 
base plates cover 25 percent of the area of the top of the lower block and 
prevent workmen from having access to the lower part of the block. 

This led to a decision that it would be a practical impossibility to obtain a 
homogeneous mass of high strength conerete if conventional methods of 
placement were followed. After reviewing various concreting methods it was 
decided that placement by the Intrusion-Prepakt method offered the great- 
est promise of a homogeneous mass, provided that the required strength 
could be obtained. 

The Prepakt method of concreting consists of first packing the form with 
dry or damp coarse aggregate and then filling the voids in the coarse aggre- 
gate through intrusion tubes, 34 in. in diameter, with a grout mixture. The 
coarse aggregate is graded from | in. to any maximum desired. In this 
installation the coarse aggregate was crushed limestone with a fineness modulus 
of 6.97. The grout is a mixture of portland cement, finely divided pozzolanic 
material (Alfesil), an intrusion aid, and water. It is claimed by the Prepakt 
Concrete Co. that the Alfesil in the liquid grout tends to prevent agglomera- 
tion of cement particles and decreases bleeding. Several functions are claimed 
for the intrusion aid, namely, that as a protective colloid it inhibits early 
stiffening of the grout and, therefore, acts as a fluidifier, that it tends to hold 
the solid constituents in suspension, and that it neutralizes the effects of 
drying shrinkage. Prepakt concrete permitted careful placement of the 
coarse aggregate with almost absolute uniformity of distribution. 

As Prepakt concrete with the high strength desired for this installation 
had not been previously made, a considerable amount of research was neces- 
sary to develop the mixture to be used. <A series of preliminary tests were 
made using Type If portland cement, crushed limestone sand, Alfesil and 
intrusion aid in the grout, with crushed limestone as coarse aggregate. 
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The best compressive strength obtained was approximately 5000 psi at 


28 days with 6.6 sacks of cement per cu yd of concrete and a water content 
of 6 gal. per sack. This strength was much lower than that desired and was 
probably due to the high water content necessitated by the limestone sand 
and, partially, to the type of intrusion aid used. However, it was an indi- 
cation that a satisfactory strength was obtainable. 


A further series of tests was therefore made to determine the effect of 
various intrusion aids and mixture proportions on the properties of the grout. 
These tests resulted in the determination that one of three grout mixtures 
would give the best results when used with one of two intrusion aids and a 
combination of two natural sands from Portsmouth, Ohio 


The grout mixtures had weight proportions, cement :Alfesil:sand, of 9:1:6, 
8:2:6, and 10:0:6. The intrusion aids were designated “AMEFEB” used on 
the basis of 0.1 percent by weight of the cement plus Alfesil and “CCC plus FB” 
used on the basis of 1.0 plus 0.5 percent by weight. The sand was a blend of 
two sands with a combined fineness modulus of 1.50. The 9:1:6 mixture 
with 0.1 percent AMFB and a water-cement plus Alfesil ratio of 0.379 resulted 
in the best strength, 2470 psi at three days. 

Further tests were made of Prepakt concrete using the above grouts with 
dolomitic limestone having a fineness modulus of 7.82. These tests, as well as 
the grout tests, indicated that the AMFB intrusion aid was the most satis- 
factory. The 10:0:6 grout mixture with a water-cement plus Alfesil ratio of 
0.382 resulted in compressive strengths, 3 x 6-in. cylinders, of 4850 psi 
at 7 days and 6400 psi at 28 days. Similar tests of the 9:1:6 mixture with 
a water-cement plus Alfesil ratio of 0.379 resulted in strengths of 4070. psi 
and 5850 pst. 

It was decided that the 9:1:6 mixture should be used, despite the some- 
what lower strength, as it was felt that the Alfesil would tend to reduce the 
drying shrinkage. Tests at 90 days indicated that the decision was correct 
as the strength of the 10:0:6 mixture at this age was 7040 psi as compared 
with 7250 psi for the 9:1:6 mixture. The cement content of both mixtures 
was 7.75 sacks per cu yd of concrete. 

Compression tests of 6 x 12-in. cylinders of the 9:1:6 mixture used in the 
work gave strengths of 4010 psi at 6 days, 5705 psi at 27 days, 7020 psi at 60 
days, 8990 psi at 90 days and 10,600 psi at 180 days. The increases in strength 
from 28 days to the later periods are somewhat higher than would normally 
be expected. Further tests will be conducted at one year. 

Development of the high strength grout also solved the problem which 
arose in grouting the prestressing wires in their sheaths. Here it was neces- 
sary toinject a slow setting, pumpable grout through an orifice approximately 
14 in. in diameter and then through the prestressing cable sheaths for as 
much as 65 ft. Prepakt grout is admirably suited for this purpose as it is 
slow setting and is specially designed for pumping long distances through 
small interstices. The 9:1:6 grout, in addition to the other characteristics 
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given, has a final setting time of 38 hr, expansion after 3 hr of 11.6 percent by 
volume, and time of efflux (1725 ml through a /-in. orifice) of 27 seconds. 


CONSTRUCTION 


Replacement of the pit bottom, consisting of approximately 135 cu yd 
of concrete, was a normal construction job. There were no particular diffi- 
culties encountered other than those of placing the concrete in the congested 
reinforcement and finding room for the workmen to vibrate the concrete 
properly. From Fig. 8 it can be seen that there were three levels of concrete. 
This required a tremendous amount of bracing and made vibrating extremely 
difficult. When the forms were removed a number of honeycombed areas 
were found; the most serious being in the four damper supporting piers at 


each corner of the bottom level. Here it was necessary to remove approxi- 


mately 6 in. from the top of each pier and then to cut into the walls alongside 
the piers to key the new concrete to the walls. Fortunately the friction 
damper anchor bolts in these piers are not in tension during operation of the 
hammer. 

Prior to starting work on the lower inertia block a scale model (Fig. 9) 
was built. This model gave a much clearer picture of the finished work than 
was possible by studying the drawings. It gave the steelworkers the oppor- 
tunity of planning a sequence of operation, thus saving considerable time in 
the actual installation, and it made it possible to foresee any mistakes that 
might occur, again saving time in the actual installation. 

The construction of the lower inertia block to the completion of the primary 
concreting was divided into the following stages. 

1. Formwork construction including fixing the tapered and sloping anchor cone blocks 
and the Korfund helical spring housings. 

2. Fixing some of the cables and reinforcement up to the upper curved sides. (Fig. 10 
shows most of the cables in place.) 

3. Temporary installation of the top formwork strutting, positioning of drain pipes, Lee- 


MeCall holding bolt tubes, and Prepakt intrusion tubes and placing of aggregate to a depth of 


Fig. 8—Reinforcement in pit bottom 
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Fig. 9—Scale model of lower inertia block with top form in place 


The pipes and tubes held in position by the formwork struts w 


approximately 30 in 
hig 


tack-welded to auxiliary reinforcing bars, so allowing the struts to be removed 
the block after completion of this phase 

4. Installation of the remaining cables and reinforcing steel and placing of 
within 12 in. of the top. Fig. 12 shows aggregate being placed 


iggregate, covering 


5. Positioning top formwork and base plates, placing remaining 
entire top except for the base plates with the pressure form stipulated by the Prepakt Concrets 
Fig 13 shows the top form and base pl tes 


Co. and making final arrangements for grouting 
hig. 14 


in position, ready for the last laver of stone, and then install ition of the pressure top 
The pressure top consists of a layer of muslin which is against the concrete 
backed up by a layer of fine wire mesh and a layer of expanded metal lath 


(Fig. 15), all being supported by and attached to wooden batten strips, fabri 
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Fig. 10—Lower inertia block with part of cables in place 


cated with spaces approximately !5 in. wide between the boards. This top 
PI : 2 I 


allows air and any surplus water to escape and provides a smooth surface 
strong enough to stand the pressure needed for filling all corners and voids. 


Prestressing cables 

Prestressing cables were fabricated in accordance with the instructions 
given by the Freyssinet Co. These cables are made up of 12 wires, 0.20 in 
in diameter, evenly spaced around a central wire spring and encased in a 
thin metal sheath. The wires used had a carbon content of 0.70 percent, a 
yield stress of approximately 150,000 psi, and a tensile strength of approxi- 
mately 210,000 psi. Fig. 16 is a general view of the cable fabrication opera- 
tions with the die for positioning the wires and central spiral 
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Fig. 12—Placing stone in lower 
inertia block 
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Fig. 13—Lower inertia block 

with top form and base plates in 

position, ready for final layer of 
stone 
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Fig. 14—Pressure top installation 
in lower inertia block 


Fig. 15—Prepakt pressure top, 
expanded metal lath and wire 
mesh applied 


of leaks. This pipe sheathing was tightened against the Freyssinet cones 


by welding a coupling to each end, into which was inserted a threaded nipple 
for tightening against the cone. A lock nut was provided to hold the nipple 
rigidly against the cone. 


Grouting 

On the afternoon before grouting the lower block approximately 5!5 tons 
of ice were spread over the top surface and sprinkled with water. The chilled 
water seeped down through the aggregate and reduced its temperature to 
approximately 50 F by the next morning. 

Grouting was started at about 8:00 a.m. and progressed quite satisfactorily 
until about 4:00 p.m. at which time the grout was within a few inches of 
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the top of the block. At 
this point it was necessary 
to increase the pressure and 
this resulted in some me- 
chanical trouble with the 
pumping equipment be- 
cause the pressure to force 
the grout under the base 
plates was greater than that 
normally used. Pumping of 
the grout was continued 
with a standby single stage 
pump, and as this pump 
only had sufficient capacity 
to handle one feed line, the 
grouting was not completed 
until about 1:00 a.m. the 
next morning. Under nor- 
mal conditions it would 
have been expected that 
Fig. 16—Cable fabrication layout with die for positioning the as could be com- 
wires and central spiral in the background pleted within about 10 hr. 
Fig. 17 is a general view of 

the pumping operation. 

To minimize the temperature rise of the concrete, cooling water was pumped 
through the drain pipes, located in the central portion of the block, through- 
out the entire grouting operation and for some little time thereafter. Within 
3 hr of the time that grouting was completed water sprays were directed at 
the outer surfaces of the block and these surfaces were kept in a saturated 
condition for several days. 

The pressure top bracing was removed the second day after grouting was 
completed and all of the forms were removed the fourth day. Removing the 
forms was somewhat more difficult than with conventional concrete due to 
the penetrating nature of the grout which seizes at every hole or crevice. 

Building and grouting the precast legs for the upper block and the upper 
block itself proceeded in the same general manner as for the lower block. 
Prestressing operations 


Tensioning the cables was started nine days after grouting was completed, 


at which time the concrete had attained a compressive strength in excess of 
1000 psi. 

Specifications for prestressing stipulated a stressing load of 140,000. psi 
and insofar as can be determined this stress has been put into all of the cables, 
although actual stress measurements could not be made on the A and B 
cables due to their curvature (Fig. 4). The theoretical coefficient of friction 
around the curves of these cables was calculated to be 0.21 and using this 
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value would give every indication that the cables had been properly stressed 
However, coefficients of friction of 0.3 and higher have been found for curved 


cables of this kind 
There were no unusual difficulties encountered in stressing the cables 


other than what appeared to be a somewhat abnormal amount of binding of 


the wires in the sheaths due to leakage of mortar. This was found to be the 
case in the lower block only, where considerable cracking of the sheaths oc- 


curred during installation. From all information available little difficulty 


Fig. 17—Pumping operations 
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has been encountered in 
this respect when the 
Freyssinet sheaths are used 
around normal curvatures 
and in conventional con- 
crete. It is also quite prob- 
able that the Prepakt 
grout, being more penetra- 
tive than the mortar in con- 
ventional concrete, leaked 
through the joint in the 
sheath designed for use in 

conventional concrete. 
Some little difficulty was 
encountered with the pre- 
cast saddles at each end 
of the block which were 
Fig. 18—Freyssinet jack in upper block used in conjunction with 
the flat Freyssinet jacks to 
provide sufficient prestressing around the curvatures. While tensioning 
the A cables the saddle at one end of the block was cracked. This was un- 
doubtedly due to the fact that the flat jacks were not under it at that time, 
shims or blocks having been inserted under the side edges only, so that the 
flat jacks could be inserted later. This made for excessive loads along the 
edges. Also the cantilever over the saddle under the B cables was cracked 
due to the saddle not moving in a horizontal plane when the flat jacks were 
loaded. This brought the upper outside edge of the saddle to bear on the outer 
extremity of the cantilever thus imposing a load greatly in excess of that for 
which the cantilever was designed. The cantilevers are for preventing the 

saddles creeping upwards due to the working shock acceleration. 


Both these comparatively minor mishaps were satisfactorily repaired 


with Prepakt grout. Forms were placed around the saddles and cantilevers, 
so that the spaces around the flat jacks and between the saddles and canti- 
levers could be filled with the same Prepakt grout mixture used in the blocks. 
This grout, by its expansive properties and strength, satisfactorily corrected 
the damage. 

Fig. 18 shows the Freyssinet jack in place preparatory to stressing the 
wires. After prestressing, the cables were grouted with a Prepakt grout 
similar to that used in the blocks. Metal plates were then placed over the 
wires and the wires bent preparatory for secondary concreting. Fig. 19 
shows prestressing wires in the lower block bent to form a mat for reinforcing 
the secondary concrete. 

Secondary concrete 

Secondary concrete was for the most part Prepakt concrete having the 

same characteristics as that in the upper and lower blocks. The exception to 
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this is part of the secondary concrete on the upper block where, through lack 
of sufficient pressure, the coarse aggregate was not properly grouted, At 
these points repairs were carried out with conventional concrete. 

The secondary concrete at either end of the lower block, around the A 
and B cables and below the cantilevers, was prestressed to the block itself by 
means of Freyssinet cables. Fig. 20 is a view at one end of the block showing 


the secondary concrete with covers over the ends of the prestressing cables 


INSTALLATION BEHAVIOR 


Before the hammer was placed in operation, vibrograph readings were 
taken of all main movements of anvil, upper and lower blocks, to check fre- 
quencies and amplitudes under different working conditions. About 60 
sheets of vibration and dynamic movement and force calculations had been 
made, and the check showed an accuracy averaging 5 percent. The structural 
calculation which followed covered about 40 sheets. This is much more than 
for any previous hammer installation. Fig. 21 shows the vibrograph mounted 
on the anvil to determine the anvil frequencies; this special instrument. is 
designed to withstand a shock of 2000 gravities. The various frequencies of 
all masses have properly missed the natural frequency of the ground, previously 
measured at 8.5 cycles per second. 

This installation was completed in October, 1951, and the hammer placed 
in operation on October 29. Numerous inspections of the concrete have 
been made since that time and with one exception the only defects that have 
been observed have been cracks in the secondary concrete. This cracking is 
undoubtedly due to lack of sufficient bond between secondary and primary 
concrete, but it has no importance except appearance. 

The only unsatisfactory Prepakt concrete found in this installation is 
directly under the anvil base plate. In January, 1952, a little more than two 
months after the hammer 


) ™~ 
began work, it Was observed , et Cae 


that apparently the rubber Wu y ary, iti 


springs under the anvil had Pi . * 


shifted. Further inspec- 
tions through the early part 
of February indicated that 
the steel! base plate under 
the anvil, made up of five 
separate pieces, Was appar- 
ently sinking into the con- 
crete. The anvil was lifted 
and the rubber springs and 
base plate removed to per- 
mit an examination of the 


concrete itself. Fig. 19—Lower block ready for secondary concrete 
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The concrete had in places been depressed by the steel plates slightly more 


than '5 in. The depressions in the concrete were not uniform but varied 
from no depression at all to slightly more than 19 in. The surface of the 
concrete was found to be firm and hard and appeared to be entirely satis- 
factory. Insofar as can be determined the erosion of the concrete under the 
base plate was not due to failure of the concrete itself. Apparently, during 
the grouting operation the froth that seems to be inherent in Prepakt concrete 
was not completely forced out from under the base plate. This froth is com- 


Fig. 20—Secondary concrete in lower block covers ends of stressing wires 
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posed of air bubbles in a 
thin mixture of cement and 
water and has almost no 
structural strength It 
would appear that thisfroth 
was not of uniform thick- 
ness and under the impact 





loads imposed during ham- 
mer operation quickly 





broke down and was then 
washed away by the cooling 
water. This breakdown 
was probably accelerated 
by the constant and appar- 
ently rapid movement of 
the water every time a blow 





Was struck. 

To correct this condition 
the anvil was jacked up 
but the hammer was in no 


way dismantled; the exist- 
Fig. 21—Vibrograph mounted for measurements of anvil 


ing concrete was chipped behavior during forging 


out to a depth of approx- 

imately 6 in., without disturbing the reinforcing steel, after which the 
chipped surface was sand-blasted. Using additional reinforcing steel a low 
concrete platform 51% in. high was placed to support the base plate. The 
mixture used for this new platform was 1:1.5:1.9 by weight with high early 
strength cement having a compressive strength at 28 days of 6400 psi. After 
setting for three days the surface of the platform was ground to within 0.015 
to 0.030 in. of planeness and was then treated with Lapidolith to harden it 
further. The hammer has been back in operation without any indication of 
failure of this repair work 


CONCLUSIONS 


|. The operation of this installation indicates that it Is possible through 
proper consideration of the natural ground lrequeney, operating impact 
shock loads, and the resulting oscillatory movements to design a hammer 
foundation that will reduce ground vibration to an almost negligible degree 
even for the largest possible hammers and, what is perhaps of equal impor- 
tance, reduce maintenance costs 


2. The enormous live load can be reduced so much that the largest hammers 


can now be placed on ground previously considered impossible 


3. All parts of the foundation can be maintained without dismantling the 
hammer. 


t. The liveliness of all parts of the installation is fully controllable 
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5. The theoretical reasons why rubber springs under the anvil cannot 
alter the blow force are amply demonstrated in practice. 

6. The anvil and the hammer superstructure can be aligned or located 
one to the other to a fine accuracy, through the foundations, more accurately 
than the hammer itself can produce. 

7. Prestressed concrete in such an installation is advisable to prevent 
failure of the concrete through fatigue. Concrete baving the greatest degree 
of homogeneity possible to prevent disintegration due to stress waves is 
required. 

8. Grouted concrete allows a homogeneous mass to be made even in areas 
where conventional concrete could not be placed due to concentration of 
prestressing cables and reinforcing steel. Through a proper choice of the 
mixture proportions, high strengths with grouted concrete can be obtained. 

9. When grouted concrete is used, a more satisfactory bond will be made 
with any secondary concrete if the primary concrete is first sand-blasted. 

10. Precautions appear necessary when grouting directly against the 
underside of base plates. More satisfactory results might be obtained by 


setting the base plates on machined concrete surfaces. 
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Title No. 49-30 


What Do We Need To Know About Prestressed 
Concrete?* 


By N. M. NEWMARKt 


SYNOPSIS 


A discussion of the more important points of uncertainty in our knowledge 
of prestressed concrete concerning which laboratory and field research is 
needed. There are many quantitative problems of detail which are not dis- 
cussed; however, the major problems of principle are described. 

The most important aspect of the problem is concerned with the basic 
philosophy of design. This involves selecting factors of safety or load factors, 
and must be solved before a consistent design procedure can be formulated. 


INTRODUCTION 


There are a great many problems in prestressed concrete which face the 
conscientious designer. A quite obvious major difficulty is the fact that we 
have no design specification or code. Those who point this out: most vigor- 
ously may be overlooking the more important fact that we have no basic 
philosophy of design to govern the preparation of such a code. We know a 
good deal about many details, and we are rapidly acquiring additional knowl- 
edge from the research laboratory and from field experience; however, now 
we must add engineering judgment and make the decision as to what we 
should attempt to design for. 

As an illustration, for many years our design specifications in reinforced 
concrete have been based on a concept involving prescribed working stresses 
for prescribed design loads. Although the working stresses were chosen so 
as to correspond to certain minimum factors of safety in terms of desirable 
types of failure, this is not obvious nor even generally understood. We have 
seen in recent years a welcome tendency to base design upon ultimate strength 
(or upon maximum useful strength). But this change in point of view is a 
major one. Fortunately, for ordinary reinforced concrete, the difference is 
not generally great in terms of the details of the design. On the other hand, 
for prestressed concrete, many of the advantages over ordinary concrete lie 
in the range of working loads, rather than in ultimate strength. If our design 
code discounts the favorable behavior at working loads too much we may be 
penalizing unfairly the new type of construction. 

In other words, although it seems entirely possible to draft a code for 
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design in prestressed concrete in a form similar to that in use for ordinary 


reinforced concrete, the end results in terms of strength or useful limit load- 
ing may be entirely unsuitable. The reason for this situation is, of course, 
the not too well recognized fact that design procedures and methods of analysis 
for reinforced concrete are empirical rather than rational in their bases. This 
does not imply that such procedures are inadequate; it does mean that the 
empirical part of these techniques can not be extended to other conditions 
or materials than those for which they were devised. 

Although we are accumulating a good deal of experience with prestressed 
concrete, the interpretation of this experience in terms of strength or satis- 
factory performance is not a simple matter. Such field experience will, of 
course, indicate some of the conditions which are completely unsatisfactory, 
but cannot measure possible undue conservatism in the design. Moreover, 
the most severe conditions for which provision should be made in a design 
for a class of structures may not ever be encountered in a particular strue- 
ture; the fact that a structure stands up does not always mean that it is 
satisfactorily and conservatively proportioned. 

Our factors of safety in general are great enough so that little information 
ean be obtained ordinarily from the performance of structures unless these 
are unsatisfactory by an extremely wide margin, or unless we have some 
theoretical basis for the interpretation of observations made on such structures. 

Well established methods, materials, and structural types always are at a 
disadvantage in competition with new ideas. Lack of experience with the 
new procedures might suggest that these would be treated with more con- 
servatism than the old. However, this has not generally been the case. 
It is an easy matter to reduce factors of safety when one does not know what 
they are, in order to make a new structural type economical compared with 
an old one. This reduction may not be serious, for all of us realize that it 
would be possible to increase working stresses or reduce safety factors for 
commonly accepted structural types without running into serious difficulties. 

In fact, the more general and widespread a particular type of structure, 
the more conservative are the codes which provide for its design. This point 
can be illustrated best with reference to design procedures for slab floors for 
buildings. The advent of the so-called “flat-slab” type of construction saw 
the introduction of designs which involved tremendous savings in materials 
and costs over more commonly accepted competing structures. As rational 
methods for the analysis of slab structures were developed, the design pro- 
visions became more conservative. Yet the advantages which have been 
given to flat-slab construction, in terms of code design provisions, exist to 
the present day to the extent of possibly as much as a 30 to 50 percent factor. 

The lack of a basie design philosophy is now, and has always been, a cause 
of difficulty in the evaluation of new concepts, materials, and techniques. 
The use of prestressed concrete, although it possesses real and important 
advantages, may either be improperly benefited or unfairly harmed until a 
basis for the evaluation of this new material relative to ordinary concrete is 
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established. Whether the comparison be in terms of ultimate strength, 
working loads, energy absorption, or some modified combination of these, 
the decision as to the choice of factor of safety will be the primary and per- 
haps the only important criterion in the choice between these two methods of 
construction in reinforced concrete. 

In arriving at the proper solution of the problem, the role of research is 
most important. In this respect, research consists of three aspects: (1) 
analysis and analytical study; (2) laboratory experiment; and (3) observa- 
tion and experience. The analysis is required to tell us what to look for and 
what to test; the laboratory research permits us to evaluate different ranges 
in behavior up to and including ultimate strength; and field experience and 
observation delineates the practical problems of construction and design that 
must be taken into account. The writer believes that concentration of effort 
applied in these various ways will lead us shortly to a satisfactory basis for 
the evalutation of prestressed concrete and for the development of proper 
regulations for design. It is to be hoped that in the process of solving this 
particular problem the entire problem of engineering design will have been 
put on a firmer basis so that future similar problems can be more readily 
resolved. 


FUNDAMENTAL CONCEPTS 


In order to discuss intelligently those factors which need to be learned 
about prestressed concrete, we must first define several fundamental con- 
cepts. These must be stated in such a way that they are applicable to pre- 
stressed as well as to ordinary concrete, for it must be recognized that in 
general the properties of these materials differ. It is not just a matter of 
considering the addition of pre-tension or post-tension in the reinforcement 
of a particular member. With prestressed concrete the reinforcement. is 


almost certainly going to be high strength steel and the concrete will prob- 


ably be stronger than ordinary. However, it is advantageous to compare the 
two materials in two different ways: (1) on the basis of sections designed 
for the same conditions but with different materials; and (2) on the basis of 
the same sections and materials, but with and without prestress 


Working loads, useful strength, and ultimate strength 

Although there may be some ambiguity in the definition of “normal” 
conditions, it is fairly convenient to consider that these are the conditions 
under which the structure is subjected to its usual, normal, or design load 
Of course, somewhat improbable combinations of loading may have to be 
combined for this condition. However, if we use a “working load’ specifi- 
cation the stress at this load is arbitrarily but unequivocally defined. — I 
we use a load factor or ultimate load specification the stress at working load 
is less definite but the uncertainty in this magnitude does not cause us undue 
difficulty. 

There is always, and there should be, ul considerable margin between the 
working load and the useful strength of the structure. The useful strength 
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is defined as that load or combination of loads which produces some unde- 
sirable action of the structure. This may be too large a deflection, too great 


a stress, too much cracking, or some other condition which impairs the appear- 


ance, the capacity, or the deformation of the structure. 

There is less ambiguity and uncertainty about the ultimate strength which 
is, of course, measured by that load or combination of loads which produces 
failure or collapse of the structure. 

In any comparison of prestressed and ordinary concrete we may have 
different criteria for the different conditions. At working loads, it is general 
to have some cracking in ordinary concrete but it has been uncommon until 
recently to permit cracking in prestressed concrete. Moreover, because of 
the difference in the materials, or possibly only because of the condition of 
prestress, there may be a difference in the type of failure of structures de- 
signed for the same condition in prestressed and in ordinary concrete. 

Brittle and ductile failures 

Although designers in structural steel have only recently become = con- 
cerned with brittle failures, the designer in reinforced concrete has been 
aware of the distinction between brittle and ductile failure for a long while. 
As a matter of fact, building code specifications are written in such a way as 
to avoid brittle fractures by limitations on the stresses permitted in the con- 
crete and the steel and in other ways. 

It may be instructive to review the modes of failure that are possible in a 
simple reinforced concrete beam. With moderate amounts of reinforce- 
ment, from about 0.3 to about 3 percent for normal concrete strengths, failure 
will generally be by yielding in the steel, although with the smaller amounts 
of steel the maximum or collapse load will correspond to a steel stress slightly 
higher than the yield point strength of the steel. With higher percentages 
of steel, or with low strength concrete and moderate percentages of steel, 
failure will be by crushing of the concrete in compression. With less than 
about 0.2 percent of ordinary reinforcement, the steel may be stressed to its 
ultimate strength immediately after cracking of the concrete and the strength 
of the reinforced section may be no greater than that of a plain concrete 
beam. 

Of these three types of flexural failure, only the first, by yielding of the 
steel, is a ductile failure. Ht is characierized by a considerable increase in 
deflection with only a slight additional load and there is an extremely large 
reserve between the deflection at which failure appears imminent and that 
at which collapse actually takes place. Both of the other types of failure are 
sudden and generally disastrous, with only a small margin in deflection or 
energy-absorbing capacity beyond the point at which failure is initiated. 
Design specifications generally tend to legislate against brittle failures or to 
require considerably higher factors of safety for such types of failure than for 
ductile failures. 


The same types of phenomena occur in prestressed concrete, although 
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the critical limits in amount of reinforcement are different. For under-rein- 
forced beams, the prestress is overcome before failure takes place. Such a 
failure is a ductile failure and generally is similar to that which would oceur 
if the structure did not have initial prestress. However, for an over-rein- 
forced beam, failure occurs by crushing in the concrete, and although the 
failure may depend upon the amount of prestress, in general the steel does not 
yield before crushing of the concrete takes place. It would be entirely logical 
to provide for a greater factor of safety in an over-reinforced prestressed 
beam than in an under-reinforced beam because of the difference in the charac- 
teristics of the failure of these two types of member 

In our discussion of flexural failure we did not include other types of failure 
Which are also generally undesirable and have the characteristics of brittle 
failures. These are failures in shear or diagonal tension, which are generally 
even more sudden and disastrous than failures in compression; and failures 
in bond which may also be of the same type. Although failures in shear are 
less common in prestressed than in ordinary concrete, they can oecur,  For- 
tunately, provisions can be made to avoid them. Failures in bond or anchor- 
age must be considered and steps must be taken to avoid such failures in pre- 


stressed concrete. 


Choice of factor of safety 

However one goes about designing a structure, he must either explicitly 
or implicitly choose a factor of safety or margin of safety of some sort. The 
mere selection of design loads, and the choice even of a method of analysis, 
sets a value for this factor. It is not the intention of this paper to go into such 
matters as the choice of working loads or of maximum loads from the point 
of view of probability, and the influence of variations in material and other 
uncertainties on the necessary allowance to be made for material strength 
These are certainly items to be considered but they are essentially minor 
details compared with the fundamental philosophical problem, which = is 
essentially a matter of engineering judgment in selection of factor of safety 
It is this point which the writer would like to emphasize here 

We have already discussed the reasonableness of allowing a greater factor 
of safety for undesirable types of failure. We must recognize that it is im- 


possible to require all structures to be designed so that they fail in a ductile 


fashion. Such a provision may be grossly uneconomical in particular cases 
The numerical difference in factor of safety for the different types of failure 
might perhaps be rationalized on the basis that these are associated with a 
more nearly constant factor of safety based on energy absorption 

However, a major problem still remains. This is the selection of factor 
of safety in terms of useful strength or in terms of ultimate strength, or the 
weighing of the factor of safety in terms of the margin between working load 
and useful strength, or between useful strength and ultimate strength. In 
high-strength steel, which is used for reinforcement in prestressed concrete, 
there is no definite yield point. Therefore, there may be a considerable 
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margin between the development of the yield strength and the ultimate 
strength of the steel. In this range, secondary failures may be developed. 

How much allowance should be made in factor of safety for the range 
between the load at which cracking takes place and that at which initial 
yielding occurs? Should prestressed concrete be designed on the basis of a 
load factor, for either the maximum useful load or the ultimate load? How 
much allowance should be made for the range between these two values in 
selecting the factor? These points require an answer, even though it is an 
evasive one, before we can make either economic or adequate use of pre- 
stressed conerete. It is in this field that research must be concentrated; not 
only laboratory research but also the application of engineering judgment. 
Perhaps some further light on these points will be obtained in a comparison 
of the properties of prestressed concrete with ordinary concrete. 


COMPARISON OF PRESTRESSED WITH ORDINARY REINFORCED CONCRETE 
Relative strength and deflection 

The relative behavior at working loads of prestressed and ordinary concrete 
has already been discussed. A good discussion of the relative behavior over a 
considerable range is given by Germundsson.* In general an ordinary con- 
crete beam in the stage below cracking shows a linear relationship between 
load and deflection, corresponding to the action of a homogenous section. 
At the cracking load, the load deflection relationship begins to curve off from 
the intial slope and approaches another straight line which corresponds to 
the properties of the completely cracked section. The curvature, however, 


increases as the steel yields and the load deflection curve becomes practically 
horizontal at the maximum load. In a prestressed beam of the same materials 
the initial slope corresponding to the homogeneous section is the same, and 
the curve follows this line until the concrete cracks. The cracking occurs at a 
considerably higher load because of the action of the prestress. The curve 
then slopes over more sharply to reach about the same ultimate load and the 
same ultimate deflection as in the beam without prestress, for an under- 


reinforced beam. In other words, for moderate amounts of reinforcement 
the effect of the prestress on the maximum load-carrying capacity and on the 
maximum deflection is negligible. However, the shape of the load deflection 
curve is considerably different from that for a beam without prestress and in 
general the useful energy absorbing capacity of the prestressed beam is higher. 
ven in the case where loads may be applied and released, where the level 
of loading is somewhat below the ultimate strength, the characteristics of 
the two types of beams are such that the ordinary beam has a much greater 
flexibility than the prestressed beam in the range up to and slightly above 
working loads, but the maximum deflection and maximum load are roughly 
the same for beams of the same materials. 

Although the strengths of under-reinforced beams are not appreciably 


*CGermundsson, Thor, “Prestressed Concrete Design Concepts,"’ Proceedings, First United States Conference on 
Prestressed Concrete, Aug. 1951, pp. 186-192 





RESEARCH IN PRESTRESSED CONCRETE 451 


affected by prestress, it seems logical to permit a lower factor of safety in the 
prestressed beam than in one without prestress because of the more favorable 
action at working loads and the greater energy absorbing capacity up to the 
maximum useful load. Just how much this differential should be is a question 
that must still be studied. 


The effect of the prestress is not the only matter to be considered. There is 
an additional effect of the difference in properties of the steel and concrete 
used in prestressed construction and ordinary reinforced concrete. There is a 
further question also of the desirable amount of prestress. The shape of the 
load deflection curve can be controlled within certain limits by the magnitude 
of the prestress and there seems to be no reason why the most favorable type 
of curve should not be provided. 


For over-reinforced beams, the effect of the initial tension in the steel 
may be considerable on the maximum load. In general the higher the initial 
tension the greater the capacity of the beam provided that damaging effects 


are not produced in the unloaded beam by the large prestress. 


Although it is generally accepted that compressive failures are to be avoided 
in reinforced concrete, they may not be as serious in a prestressed beam as 
in one without prestress. This is a point that should be studied further in 
terms of the relative economy of under-reinforced and over-reinforced beams 
(which is probably a function of relative costs of steel and concrete and the 
relative advantage of savings in dead weight). The writer would probably 
base his decision on relative energy absorbing capacity, but he must confess 
that considerable substantiating evidence would be required to induce him 
to prefer an over-reinforced to an under-reinforced prestressed beam 
Shear, diagonal tension, and bond failure 

Even with no explicit provision for shear or diagonal tension, a prestressed 
beam has a greater resistance to shear than an ordinary concrete beam be- 
cause of (1) the additional compression in the concrete which reduces the 
diagonal tension arising from the shearing forces, and (2) the different nature 
of the diagonal tension failure, which arises from the absence of a flexural 
tension crack to start this failure. 


In a beam without diagonal web reinforcement or vertical stirrups, after 


a tension crack starts it tends to curve off into a diagonal tension crack under 
the influence of shear. When such a crack reaches the compression area of 
the beam, the shearing forces must be carried completely by the concrete 
section above the crack. In regions of high shear a tendency to induce a 
compression failure because of the combined stresses has been noted. This 
tendency is delayed in a prestressed beam because of the delay in the initia- 
tion of the diagonal crack to trigger the “shear” failure. 

It is a relatively simple matter in under-reinforced beams to avoid shear or 
diagonal tension failures. In such beams these failures are as serious in pre- 
stressed as in ordinary concrete and should be avoided at all costs either by 
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bending up reinforcement or by stirrups if the strength of the concrete alone 
is not sufficient. 

There is some reason to believe from a few tests that have been made that 
shear failure in a prestressed beam without web reinforcement may be even 
more sudden than in a beam without prestress. This arises from the fact 


that the action of the prestress may be to delay the inception of a shear failure. 


However, once the failure begins the influence of the prestress in ameliorating 
the conditions is no longer felt, and there may even be an excess of energy 
tending to separate the beam along a diagonal tension crack which forms 
suddenly rather than gradually. Therefore, unless the prestress is high 
enough to prevent the shear failure altogether, it does not seem wise to de- 
pend upon it to avoid providing otherwise for shear and diagonal tension. 

It would admittedly be somewhat easier to generalize about the shearing 
strength or diagonal tensile strength of prestressed concrete if we had better 
information about the corresponding strength of ordinary concrete. This is 
true also of other characteristics. It appears necessary for us to learn more 
about ordinary reinforced concrete in order to learn more about prestressed 
concrete. In many cases our lack of knowledge is really due to a lack of 
basic information, as distinct from empirical knowledge, in the field of ordi- 
nary reinforced concrete. 

Bond and anchorage 

In prestressed concrete as distinct from ordinary concrete it is possible 
to depend entirely on the end anchorage of the reinforcement rather than on 
the bond throughout the length of the bar. On the other hand, such de- 
pendence introduces problems which have not been completely studied. In 
a prestressed beam, unbonded compared with bonded reinforcement generally 
involves a lower ultimate load. There may be some advantages from the 
point of view of construction operations in unbonded reinforcement. There 
may be corresponding disadvantages in fatigue and creep in the anchorage 
details. A good deal of study is required to define the problem in such a 
way that it can be solved. 

Because of the fact that end anchorages may be needed to apply the pre- 
stress in the first place, the additional bond strength required under normal 
loading conditions is considerably less in a prestressed beam than in an ordi- 
nary beam. This is fortunate because of the difficulty in providing the proper 
bond resistance in a prestressed beam. In most instances the bonding of the 
reinforcement is accomplished by grouting after the steel is tensioned. The 
grout must be placed in such a way that its subsequent shrinkage does not 
destroy the bond resistance. This has been accomplished by the use of ad- 
mixtures such as aluminum powder in the grout. Other ways may be more 
desirable. Because of the different nature of the surface of high strength 
steel from that with which we are familiar in ordinary structural steel, and 
because of the high stresses in the reinforcement in prestressed concrete, the 
subject of bond strength must be studied almost completely anew. Our back- 
ground of experience in bond resistance, which has been almost completely 
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invalidated with the advent of the new type of deformed reinforcing bar, is 
again of little use to us in the problems of bond which arise in prestressed 
concrete. 

In this regard it must be pointed out that we need only insure the existence 
of a sufficient bond strength to carry the changes in stress in the reinforce- 
ment due to the loading. This is a somewhat different condition from that 
which is required to develop the strength of a bar near its end. Of course, 
the conditions become more nearly similar in the case of prestressed and 
ordinary concrete when we are faced with the problem of anchoring the bar 
by means of bond alone, as in the case in those uses of pretensioned reinforce- 
ment where the anchorage does not become a part of the final structure. 
Here experience has already indicated that lengths of embedment consid- 


erably greater than for ordinary reinforcement are required to develop the 


anchorage forces. Without some positive anchorage there may be a real 
danger of progressive slip from the end of the bar to the middle when re- 
peated loads or fluctuating loads are applied. 


SPECIAL PROBLEMS 


The major problem in prestressed concrete is a fundamental one of the 
selection of the proper basis for design. This was discussed earlier at some 
length. Although this is a question which will require the most effort to 
solve and for which even the technique for arriving at a solution has not yet 
been clearly determined, there are a number of specific problems which must 
also be solved to permit the most efficient and economical use of prestressed 
concrete. These are principally in the nature of ‘details’ although these 
problems do involve matters of principle. An excellent review of the major 
items and of the prospects of arriving at solutions has been given by Siess.* 
It is recommended that the reader refer to this paper for a more complete 
discussion than will be given here. In the following the writer intends to 
cover only several special items which require further extensive study 


Bond, anchorage, and prestressing methods 


Some of the problems concerned with bond and anchorage were discussed 
in the preceding section. Many of these problems are related to the tech- 
nique used in applying the pre-tension or post-tension. Because most of the 
available procedures are patented, objective research has been somewhat 
difficult. University research laboratories are rightfully reluctant to make 
comparisons among patented methods. It is to be hoped that sufficient 
fundamental research can be accomplished to permit the development of a 
number of procedures which will be satisfactory and that the choice among 
these procedures can be based primarily on their cost or on the cost of equip- 
ment and special fittings required. 

Much more development will undoubtedly be accomplished in the methods 


*Siess, C. P., “Research in Prestressed Concrete,”’ T’roceedings, First United States Conference on Prestressed 
Concrete, Aug. 1951, pp. 207-214 
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of construction, particularly in provisions for continuous structures and in the 
fitting together of precast units. 

A recent development which seems to offer considerable attractiveness is 
the possibility of using bars instead of wires. Ultimately the choice among 
the various kinds of reinforcement and the various methods of fabricating 
prestressed concrete will be based on the simplicity of the construction methods 


and the cost. 


Fatigue strength 

The fatigue strength of prestressed concrete appears to be almost entirely 
related to the bond strength under repeated loading and the strength of the 
anchorage under such loading. Of course, the fluctuation in stress in the 
reinforcement or at the anchorage is relatively small for the majority of the 
loadings that occur. It is well known that the stress in the reinforcement 
is practically independent of the load up to the load at which the initial 
tension force is overcome. However, even the slight fluctuation in stress 
which occurs under live loading is at a relatively high level, and the clamping 
or anchoring of the ends of the reinforcement inevitably produces stress con- 
centrations. Tests of the adequacy of anchorages under even these small 
fluctuations should be made in those cases where it is proposed to depend en- 
tirely on the anchorages to develop the stress in the reinforcement. 
Fire resistance 

The fire resistance of prestressed concrete has long been a subject of dis- 
cussion. The major problem here, of course, is in the possibility of loss in 


prestress due to the changes in length or changes in physical properties caused 


by the heat. The insulating effect of the concrete should be taken into account. 
However, a secondary factor must be considered. This is the possible change 
in strength of the anchorage as it is heated and while it is subjected to sus- 
tained loading during the fire. A failure of the anchorage may require the 
load to be carried by bond which may or may not be adequate under this 
severe temperature condition, or even under ordinary conditions. 


Sustained loading 

The problem of sustained loading is perhaps of greatest importance in 
connection with anchorage strength. However, there may be problems of 
creep associated with long-time live loading of high intensity. The creep 
may occur in bond along the bar or the end anchorage may relax sufficiently 
to reduce the prestress. The stress levels which it is desirable to use in the 
reinforcement and in the concrete are also determined in part by the level 
at which creep begins to reduce appreciably the prestress force. 


Reversed loading 

Prestressed concrete is particularly efficient for the resistance of forces 
which always act in the same direction. However, when loads are reversed 
in direction so that the stresses may change in sign, then the problem becomes 
complicated. For example, in a beam if the reinforcement in the lower side 
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is prestressed in tension, the concrete on that side is prestressed in com- 
pression. Then although the beam is favorably preloaded to resist positive 
bending moment, it is unfavorably preloaded to resist negative bending 
moment. ‘To prestress the reinforcement in both faces of the beam would 
increase the prospect of a compression failure in the concrete. One might 
place all of the steel at the center of the beam in an attempt to provide for 
both directions of loading, but this is efficient for neither direction. The 
basic problem still remains, how can one best provide for reversed loading in 
prestressed construction. 

Blast loading 


The same problem arises when a structure is subjected to blast. In general, 


explosive forces may act in either direction on a structure, depending on 


where the detonation takes place with regard to the structural element in- 
volved. The provision for equal and opposite maximum loads seems to be 
one Which is not easily met in prestressed concrete. However, there may 
be a solution to this problem which has not yet been considered. Further 
studies seem warranted because of the growing importance of blast loading 
in design 
Continuity 

The problem of designing prestressed concrete for continuity has been 
discussed by a number of writers with the paper by Parme and Paris* being 
particularly valuable. The general problem is concerned with the influence 
of the prestress on the statically indeterminate quantities in the structure 
However, to be consistent with concepts of ultimate strength, considerable 
further work is required to take into account the conditions which arise as 
the structure approaches failure or as plastic hinges develop in it. So far 
as the writer knows this problem has not yet been considered although it ts 
a basic one. It is certainly no more reasonable to design a continuous struc- 
ture on the basis of elastic behavior than it is to design a statically determinate 
beam on such a basis. Design for elastic action in prestressed concrete seems 
even more inadequate than such a design would be for ordinary concrete. 

Another factor is worthy of consideration. This is concerned with pre- 
applied moments, for example, in continuous structures, so as to make the 
action of the whole structure more favorable, in a manner similar to that in 
which the prestressing at a given cross section makes the action at that cross 


section more favorable. 


CONCLUDING REMARKS 


The writer has attempted to cover the most important points of uncer- 
tainty in our knowledge of prestressed concrete. These are the points con- 
cerning Which research in the laboratory and in the field needs to be carried 
out. There are many quantitative problems of detail which have not been 
discussed; however, the major problems of principle have been described. 


*Parme, A. L. and Paris, G. H., “Analysis of Continuous Prestressed Concrete Stryctures,”’ Proceedings, First 
United States Conference on Prestressed Concrete, Aug. 1951, pp. 195-206 
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It is the writer’s hope that attention devoted to these problems will permit 
the best use of this new method of construction. 

The most important aspect of the problem is concerned with the basic 
philosophy of design. This involves the problem of selecting factors of safety 
or load factors, and must be solved before a consistent design procedure can 
be formulated. 


The writer would like to point out that despite the questions raised, many 


prestressed concrete structures have given satisfactory service for almost 
two decades. Moreover, some of these same questions can be raised also 
concerning ordinary reinforced concrete. With the considerable activity in 
prestressed concrete in recent years we can be sure that the future will see 
many of our problems solved, and that in a few more years design procedures 
in prestressed concrete will be at least as satisfactory as those in ordinary 
concrete. 
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Title No. 49-31 


Prestressed Concrete Girders Span College Hall* 


By CURZON DOBELLt 


SYNOPSIS 
The 65-ft prestressed concrete girders at Manhattanville College do not 
represent any spectacular advance in the use of prestressed concrete. They 
do, however, constitute the first major application of prestressing to building 
construction in this country and demonstrate a new system of tensioning and 
anchoring parallel wire cables with greater control and accuracy than was 
possible heretofore. 


INTRODUCTION 


In one of the new buildings constructed for Manhattanville College, 
Purchase, N. Y., an 8500 sq ft assembly hall and gymnasium had to be carried 
over the dining hall. Shortage of steel led to redesign of the girders from 
structural steel to ordinary reinforced concrete. The results of this redesign 
showed that the depth of the girders would have to be increased from the 
original 3 ft 6 in. to 6 ft, resulting in a general increase in height of the entire 
building of 2 ft 6 in. and a consequent increase in cost if the desired ceiling 
height was to be retained. It was then decided to examine the possibilities 
of using prestressed concrete. A prestressed concrete girder section only 4 
ft in depth was designed. This was only 6 in. deeper than the original en- 
cased steel girder and 2 ft less than the reinforced concrete girder. The super- 
imposed permanent loads amounted to 122 psf and the live load to 85 psf 
giving a total load per girder of 130 tons. The prestressed concrete design 
for the six girders required only 8 tons of steel as against 72 tons had structural 
steel girders been used. This 89 percent saving in weight of steel required 
is quite impressive. 

To avoid payment of royalties for the use of European patented systems 
of prestressing, a method of tensioning and anchoring the prestressing wires, 
used in this country for several years for the vertical stressing of circular 
tank walls, was modified to suit the requirements of linear prestressing. 


The 12 wires of the circular prestressing cable are each anchored individu- 
ally by conical wedges in a 4x 4-in. square 114 in. thick anchor plate after 
being all prestressed together by the hydraulic Jack. To minimize the dimen- 
sions of end bearing plates, precast concrete cylinders, 5 in. in diameter by 
5 in. long, with heavy helical reinforcing to absorb concentrated bursting 
~ *Presented at ACI Fifth Regional Meeting, Chicago, IIL, Sept. 11, 1952. Title No. 49-31 is a part of copy- 
righted JouRNAL OF THE AMERICAN Concrete Instirute, V. 24, No. 5, Jan. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than May 1, 


1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 
+Member American Concrete Institute, President, The Preload Company, Inc., New York, N. Y 
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stresses, were placed in the girders under each bearing plate. These cylinders 
are required to support the bearing plates at a compression stress of 3000 psi. 

The top of the cast-in-place floor slab is flush with the top of the girders 
and is carried on each side of the girder by a small 14 x 8-in. beam spanning 
7 ft 7 in. between brackets on the prestressed girders. As an additional 
security, dowels extend into the floor slab on each side of the girder top flange 
The bracket blocks were precast as were the end blocks to which were anchored 
most of the prestressing cables. The remainder of each girder was cast in 
place. 

Each entire girder could have been precast but its 28-ton weight precluded 
handling with available equipment and the number of girders involved was 
not considered sufficient to justify obtaining special lifting plant. 


DESIGN 


Specifications called for 5000-psi concrete, and by the use of high early 
strength cement this strength was attained in seven days. The girders were 
so designed that under working load no tension can occur in the concrete 
and the maximum compressive stress is 2073 psi. 

Table 1 shows the calculated top and bottom fiber stresses at midspan at 
the different stages of construction and under live load. Part “A” of the 
table shows stresses based on initial values of prestress before losses due to 
relaxation of concrete and steel. Part “B’ shows stresses based on final 
values of prestress after all relaxation has taken place. The actual stresses 


at any particular stage depend on the age of the concrete and the time elapsed 


since the last application of prestress and lie therefore between these two 
sets of values. The stresses ‘‘A’’ are probably nearly true until after applica- 
tion of the first phase of prestressing at the age of 7 to 10 days. The actual 
stresses tend towards values “B” thereafter. 

By following through Table 1 in detail it can be seen that when the first 
ten cables constituting the first stage of prestressing are tensioned, the result 
is a tension at midspan in the top fiber of 33 psi and a compression in the 
bottom fibers of 1614 psi. These values will tend to change with time to a 
compression of 85 psi in the top fiber and a compression of 1144 psi in the 
bottom fiber. When this stress change has been only partially effected, how- 
ever, after a delay of about three weeks, the load of the newly-placed slabs 
is transferred from its formwork to the girders resulting in a top and bottom 
fiber stresses that lie somewhere between a compression of 907 and 1025 psi 
and a bottom fiber stress between a compression of 384 psi and a tension of 
86 psi. Just after taking up this live load, true stresses are probably approxi- 
mately 950 psi compression at the top and zero compression at the bottom, 
The remaining 12 cables constituting the second stage of prestressing are 
now tensioned resulting in a bottom fiber compression at midspan some- 
where between 2157 and 3190 psi; the actual value was probably in the region 
of 2800 psi. This critical compression stress at this stage of construction was 
considerably in excess of any stress to which the girder will likely be subjected 
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Fig. 1—Anchorage blocks for concrete I-beams, with cavities formed for prestressing cables, in 

place at ends of formwork in which the girders will be cast. Floor slabs will rest on reinforced 

concrete beams which lie in the notches of keystone-shaped brackets of precast concrete, one of 
which is shown here being derricked into place 


to in its later life under anything but extreme overload. As the remainder 
of the permanent load is applied to the girder, it can be seen from Table 1 
that the stress conditions improve until the normal top and bottom fiber 
stresses at midspan under all permanent loads once all relaxations have taken 
place are respectively 1050 psi compression and 1386 psi compression or an 


almost uniform compression over the whole girder section. Application of 


the 85 psf live load does not induce any tension in the girders and the maxi- 
mum compressive stress is only 2073 psi. 

An important fact that emerges from the above, and which is generally 
typical of prestressed concrete, is that the girders are subjected to much 
higher stresses during construction when the concrete is younger and weaker, 
than they are under full design loads later on. They can, therefore, be well 
described as “self-testing.” 

The 460-ton total final prestressing force necessary in each girder was ob- 
tained by the use of 22 cables each of twelve 0.196-in. diameter high tensile 
wire grouped in a steel sheath around a central helical wire spacer. Fifteen 
of these cables were anchored at each end of each girder and seven were 
anchored at different points along the top surface of the top flange. 

The guaranteed ultimate tensile strength of the high tensile steel wire was 
220,000 psi. It was stressed initially to 150,000 psi and this dropped after 
relaxation of the concrete and steel to the design stress of 120,000 psi. 

The sloping up of the cables near each end of the girder had the theoretical 
advantage of making it possible to eliminate practically all diagonal tension 
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and the practical advaniage of relieving the congestion of anchorages at 
each end which would otherwise be present in these exceptionally heavily 
prestressed girders. 

The 22 cables were each numbered and their order of tensioning was care- 


fully specified to ensure that the resultant prestress force during all stages of 


the prestressing operations was as close as possible to its final desired position. 


The elongation to be obtained on the tensioning of each cable was specified 
and this varied from 2 to 4 11/16 in. according to the length of the cable. 

On application of the first phase of prestressing it was calculated that the 
girders would rise 5 in. from their forms at midspan which proved in fact 
to be the average measured upward deflection (it varied according to the 
girder from !4 to 44 in.). This close agreement bet ween calculated and measured 
deflections was confirmation that an approximate modulus of elasticity of 
5,000,000 psi for short duration loads had been attained in the concrete at an 
age of between 7 and 10 days. This was considered very satisfactory 


CONSTRUCTION 


The first stage was the precasting of the bracket blocks and end blocks 
and Fig. | shows one of these precast blocks being lowered into position on 
the formwork for a girder. Two of the precast end blocks can be seen already 
in position. 

Parallel with this operation the prestressing cables were being manufactured 
at first floor level underneath the formwork for the girders. Four 3-deck 
reels held the rolls of prestressing wire. One end of each of these 12 rolls of 
wire was then passed through the holes in a template arranged in a circle 


Fig. 2 (right)}—Wedge fitting for 
pulling wires during assembly 


Fig. 3 (below)—Sheathed cables 

are slipped through precast block 

cavities and along entire length of 

formwork, of which, as shown here, 

only the bottom and one side 
have been erected 
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to form the 12 wires in the desired pattern. At the center of the circle was a 
larger hole through which the central helical wire spacer was passed at the 
same time. The 12 wires and their enclosed spacer were then gripped by the 
wedge-fitting shown in Fig. 2 which was drawn by a hand winch along the 
surface of a long narrow table. While the cable was being pulled out in this 
way, one man standing alongside the template placed a single turn of tie 
wire around the 12 wires at approximately 2-ft intervals. When drawn out 
to length, the cable was cut, enclosed in a steel sheath, and was then ready 
for installation in the formwork. 

Fig. 3 shows the installation of a typical cable in the formwork of which 
the base and one side is already in place, as are all the precast blocks. Fig. 4 
shows a closer view with all the cables in position and the small number of 
light standard steel stirrups pushed out of the way against each precast block. 
The next stage was to spread out the stirrups, close the second side of the 
main form and place the forms for the recesses in the top flange out of which 
emerge those cables that do not go to the end of the girder. 

Seven days after concreting the girder, the first stage of prestressing com- 
menced. Fig. 5 shows one of the girders with its side forms stripped and one 
of the first phase cables being tensioned. The hydraulic jack is activated 
through rubber tubing connected to it by a hand pump. 


Fig. 6 is a close-up of this tensioning operation and the measuring of the 
elongation of the tensioned wire. This measurement is a check on the already 


registered pressure gage reading on the pump which activates the jack. 

Once the correct elongation was obtained, each wire was anchored in the 
anchor plate by two small conical steel wedges, as seen in Fig. 7 showing the 
end anchorage plate after the jack has been removed and the wire has been 


Fig. 4—Six 65-f girders for Manhattanville College, Purchase, N.Y., with a carrying capacity of 
130 tons. Depth of section is 48 in. 
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Fig. 5—Hydraulic jack prestresses 

a cable. The stresses from these 

cables are directly opposed to 

those to which the beam will be 

subjected from the load it will 
carry 


Fig. 6—Although the applied 

load is registered on a pressure 

gage on the pump, it is double 

checked, as shown here, by direct 

measurement of the elongation of 
the prestressing cable 


Fig. 7—Anchorage plates bear- 
ing against the beam ends dis- 
tribute pressure evenly. Similar 
plates hold the cable terminals at 
the other end of the beam 
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eut. This method, in which the 12 wires are stressed simultaneously by a 


single jack but are individually anchored, affords greater security against 


unequal slippage than when the anchorage of a number of wires is dependent 
on one common wedge. It also affords an opportunity to correct the stress 
on any wire which has been observed to show greater slippage than its neigh- 
bors before the wedges take hold, without having to re-stress the whole cable 
as is necessary With the use of a single common wedge. 

Another problem in stressing a multiple parallel wire cable, particularly 
a parabolic cable, is that when jacking is started each wire will show a dif- 
ferent strain in adjusting its position in the cable before all the wires start 
to take uniform stress. This can be serious, particularly in short members 
where the total load in the cable may be so unequally distributed in the wires 
that some are stressed beyond the yield point in the range of high creep loss. 

During the work at Manhattanville an interesting experiment was carried 
out to correct this condition. The large jack was equipped with 12 small 
jacks around the main cylinder (Fig. 8) which were connected in series to a 
separate pump and each engaging a separate wire. The first operation was 
to actuate the 12 small jacks until the variable strain was taken out of the 
12 wires and they were all brought under a uniform stress of around 5000 psi 
It was found that to attain this desirable condition a variation in elongation 
up to !4 in. was necessary in the 12 wires. This corresponds to a stress varia- 
tion of 17,000 psi. After the individual jacks were locked in position the 
large jack was brought into play to bring all the wires up to the uniform 
required stress of 150,000 psi. Unfortunately, this arrangement to insure 
uniform stress in the wires was only developed at the end of the work, but it 
represents such an improvement in controlling uniformity of stress that if 
will be used in all future work of this kind. 

Grout of one part cement to 4 part fly ash and %q4 parts sand was in- 


Fig. 8—Twelve auxiliary jacks mounted on main jack 
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Fig. 9—Floor slab in place showing curved prestressing cables that emerge from top of girder 


jected under pressure through the central hole in the anchor plate into each 
cable from one end until it spurted several feet from the opposite end. The 
far end was then blocked with a wooden plug and the pressure continued for 
a few seconds after which the injection end was also blocked 


; 
—— —" 


—— 


se 


Fig. 10—Completed prestressed concrete beams carrying second floor slab. Floor dead and live 
load is 207 psf 
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After completion of the tensioning and grouting of the ten cables in each 
girder constituting the first phase of prestressing, the slab was placed. A 
view of the top of the slab is seen in Fig. 9 where the as yet untensioned 
second phase cables are seen projecting from the top flange of the girders. 

When the slab was judged to have set and hardened sufficiently, its form- 
work was removed and its load thus transferred to the girders which now 
became ready to receive the second phase of prestressing. 

After completion of all prestressing and grout injection the slab recesses 
containing the cable anchorages were filled with concrete and the anchorages 


at the saw-tooth ends of the girders were concreted over to give a simple 


rectangular appearance. A view of the completed girders and slab is seen in 
Fig. 10. 

An interesting discovery made during construction concerns the friction 
developed in curved cables, many of which had a total curvature of 60 deg. 
Although straight cables were naturally to be tensioned from one end only, 
it was originally required that all curved cables be tensioned from both ends to 
minimize stress variations along their length due to friction. Experiments 
on the site showed, however, that by tensioning even the most curved cable 
from one end only the desired elongation could be obtained corresponding to 
the correct reading on the pump gage, after, in the worst case, only a slight 
relaxing and re-applying of the tension during the stressing operation. This 
correspondence between the elongation and gage reading was, of course, 
proof of friction having been overcome along the entire cable length. The 
explanation of this was undoubtedly that galvanized prestressing wires were 
used and that the steel cable sheaths were quite free of rust when placed in the 
forms. 


CONCLUSION 


We are today, in this country, on the threshold of using continuity in 
design of prestressed structures, which, coupled with more robust and sim- 
plified stressing materials and anchorages, will make prestressed concrete 
competitive with structural steel and reinforced concrete for a far wider 
range of load-carrying and pressure-containing structures. We have now 
fortunately passed beyond the development stage in which prestressing was 
restricted by patents to a few proprietary systems to where we can look to a 
future in which designers, contractors, and material suppliers will be judged 
solely on the merits of their services and materials in the same competitive 
spirit as prevails in conventional design. 
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Title No. 49-32 


Prestressed Concrete Wins Place in Massachusetts 
Bridge Progam 


By J. C. RUNDLETTT 


SYNOPSIS 


In constructing a 28-ft span prestressed concrete bridge, the Massachusetts 
Department of Public Works was able to evaluate the use of prestressing as 
well as gain experience for future construction. Design and construction prob 
lems are considered. Tests on full scale prestressed beams bore out the design 
criteria except that the loss in prestressing indicated that an allowance of 15 
percent is insufficient. 


INTRODUCTION 


Karly in the summer of 1951 the Massachusetts Department of Public 
Works was considering the replacement of the old single-span wooden stringer 
bridge carrying Endicott street over the single track of the B&M railroad in 
Danvers. There was a great deal of uncertainty about the availability of 
steel for bridge construction and it seemed wise to look into prestressing, 
not only with the thought of the immediate saving of steel but also with the 
idea of becoming thoroughly acquainted with this type of design and con- 
struction before such time as the absolute necessity of it might be thrust 
upon us with no alternative. Should that time come, there would be little 
or no opportunity then to learn by doing and testing. 

A raise of more than 2 ft in the under-clearance of the proposed bridge 
made it imperative that the superstructure depth be kept to a minimum. 
Studies for depth indicated that a concrete beam and slab superstructure 
would be about 2 ft 8 in. deep, a steel stringer with spiral reinforcement about 
22 in. deep, and a concrete slab about 18 in. deep. As the bridge was over a 
railroad, the selection of a structure which would require no falsework and a 
minimum amount of forms pointed to a precast prestressed concrete inverted 
T-section with the bottom flanges butted, with a total depth of 17 in 

The cost of either a steel stringer or a concrete beam and slab bridge was 
estimated to be about $58,000 and in order that the cost of the inverted T- 
type prestressed bridge should not exceed that figure, it was necessary to 
get a bid of about $150 each for the beams complete in place. This seemed 
at the time a reasonable price for a beam containing only 34 cu yd of concrete. 
Knowing that unfamiliarity with the subject on the part of the contractors 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill, Sept. 11, 1952. Title No. 49-32 is a part of copy- 
righted JouRNAL oF THE AMERICAN Concrere INnsrirute, V. 24, No. 5, Jan. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than May 1 


1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 
{Bridge Engineer, Massachusetts Department of Public Works, Boston 
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Fig. 1—Details of superstructure 


would tend to increase the cost, it was decided to go ahead with this design 
and pay such additional cost if it did not prove to be exorbitant. 


BRIDGE DESIGN 


The simplest system for applying prestressing forces to the bridge beams 
seemed to be to use wire strands and end fittings of the Roebling type, cast 
in but free of the beam. These are simple to install and can easily be stressed 
or restressed. Ordinarily, on a short span such as this, pre-tensioning would 


be used, but there were no local firms with casting beds suitable for pre- 
tensioning and it was felt that if this method was specified there would either 
be an excessive bid reflecting this fact or no bid at all. Then, too, the de- 
partment was looking ahead to the building of longer span girders for which 
post-tensioning is superior and the Danvers job offered invaluable experience 
in preparation for the larger bridges. 


Provision is made on the deck for a 40-ft roadway and two 6-ft sidewalks 
(Fig. 1). The final span is 27 ft 4! in., center to center of bearings, with an 
over-all length of 29 ft. The angle of skew is 68 deg 39 min. 54 sec, and there 
are 47 beams in the structure. All the beams (Fig. 2), including those on the 
outside, are identical and weigh 3200 lb each. They have a depth of 14 
with an additional 2 in. depth at the bearings, a 12 in. wide T-flange, a stem 
4 in. wide at the flange and 6 in. at the top with an outside depth of flange of 
214 in. and an inside depth of 4 in. 

Two #3 longitudinal deformed bars are placed in the top and bottom of 
each beam. The only stirrups in the beams are three #3’s in each end block. 
The main stressing units are composed of three 0.6-in. diameter galvanized 
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Roebling strands, two straight and one parabolic. There is one diaphragm 
block at the center of each beam and there are pipe sleeves 2 ft 6 in. on centers 
through the stem of each beam to take #8 transverse rods laid parallel to the 
abutments. Two handling rods are installed 4 ft from each end, and U-rods 
extending from the beam to the cast-in-place slab are placed 10 in. on centers 
to aid in the composite action. 

The structure was designed so that the beam and the cast-in-place slab 
would be composite under live load, and for an H-20 loading in accordance 
with specifications of the American Assn. of State Highway Officials. 

Design specifications stipulated that the strands used were to be galvanized 
and unbonded; that the initial stress in these strands would be 120,000 psi; 
and that the residual stress, assuming a 15 percent loss, would be 102,000 psi. 
To gain this stress, the initial tensioning of the strand would be 13 tons. The 
initial allowable compressive stress in the bottom of the concrete was to be 
2000 psi. Cracking load of the beam was to be the dead load plus two times 
the live load, including impact, and the ultimate load of the beam was to be 
not less than the dead load plus 3!o times the live load. In the cast-in-place 
portion, 3750-psi concrete was to be used. 

Bids were requested for the furnishing and delivery to the site of the 47 
beams in the bridge and for three test beams. These could be constructed 
and stressed either in the shop or at the site, but in either case there was a 
requirement that the low bidder show satisfactory proof that he was capable 
of performing such work. 

Specifications called for 5000-psi concrete with a minimum cement content 
of 860 Ib, average weight of fine aggregate 1220 lb, and the average weight of 
coarse aggregate 1670 Ib. All concrete was to be air-entraining with a maxi- 
mum slump of 3 in. 
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Wire for the strands was to have the following properties: ultimate strength 
220,000 psi minimum; 0.7 percent elongation at 175,000 psi; minimum 

ultimate elongation in 10-in. gage length—4 percent; and wire diameter 

0.196 in. 

Prestressing units were to be furnished complete with the factory attached 
terminals and the strands were to be prestretched. Before being placed, 
the prestressing elements were to be given a light coating of grease and 
wrapped with two layers of Sisal Kraft paper to prevent any bond between 
the concrete and the strands. Before stressing, the concrete was to attain a 
strength of at least 3300 psi. 

New England Concrete Pipe Co. was the low bidder at $164 per beam, for 
a total of $7708 for the 47 beams. On the contract for constructing the 
bridge, which included the placing of the beams, low bidder was Coleman 
Bros. Corp., and the price for placing the beams was $2000. Comparison of 
the cost of furnishing with the cost of placing shows the latter figure to be 
exorbitant, and this was borne out by the fact that all these beams were 
finally placed in one day. The remainder of the general contract prices 
were considered satisfactory so that both contracts were awarded to the low 


bidders 
CONSTRUCTION AND ERECTION 


New England Concrete Pipe Co. chose to fabricate the beams at its Provi- 
dence, R. 1., plant, about 65 miles from the bridge site. One corner of this 
building had a depressed area with a concrete floor large enough to allow 
ample room for the forms and jacking. A storage area in the building was 
adjacent to the casting area and was served by an overhead crane which could 
handle both the forms and the beams. 

After considerable study, the contractor decided that the best form for 
his use would be one unit which would enable him to manufacture two beams 
at one time (Fig. 3). The base for the forms was made of 4 x 3!o-in. angles 
18 in. on centers, with a common center form made up of channels and milled 
lumber attached to these angles. The continuous floor form under each beam, 
made up of 5%-in. plywood with a lin. steel plate on top, rested on these 
angles as did the outside form for the beams which was also made up 
of channels and milled lumber. Outside forms were held at the required lo- 
cation by wedging against angles welded to the bottom supporting angles, 
and the top of the outside form was held by metal straps. The end form was a 
metal plate punched so that the three stressing studs and the four longitudinal 
bars could be threaded through the plate and pulled up tight with a nut to 


prevent displacement during casting. The base of the forms was carefully 


lined up and bolted to the floor. The forms stood up well for the entire 
schedule and it was only necessary to replace the plywood base form twice 
during these operations. 

Because the pipe sleeves for the transverse rods were made parallel to 
the abutments, the side forms could not be removed at right angles to the 
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Fig. 3—Section of form (scale—1 in. 1 ft) 


beam but had to be moved at the angle of the pipe sleeves. These side forms 
were moved by installing a threaded crank under the base of the beam at the 
centerline and one toward each end of the beam, this crank being installed 
at the correct angle of skew so that when the form moved sideways it moved 
in that oblique direction. With one man on each crank and a fourth keeping 
the beam aligned, it was possible to move the beam sideways satisfactorily 
before any jacking was done. 

Because of the skew complications, the contractor elected to first cast a 
trial unreinforced beam to get this crew familiar with the work and to test 
the removal of the forms. This was well worthwhile because he found that 
a slight alteration in the form was necessary. The form at the center dia- 
phragm was not sufficiently beveled and it bound on the off corner in trying 
to move it out. 

The contractor elected to use high early strength, air-entraining concrete, 
and to steam cure the beams, and set up a schedule of two beams every Mon- 
day, Wednesday, and Friday. Needless to say, this schedule was interrupted 
many times, but proved a satisfactory one. Early in the morning of the 
scheduled days a crew of about five men would remove the side forms and 
jack the beam about 3 in. sideways so that when stressed it would not bind 
in the forms. ‘This operation took about 30 min. The prestressing con- 
sumed about 30 min., and it took about 10 min. to remove and stack the 
beam. Resetting of the forms and installation of the reinforcement and 
strands took about 2 hr, and casting and vibrating another 1!. hr, so that 
after the work was well organized, and barring delays, the entire operation, 
which started at 7.30 a.m., was completed about noon. The crew then went 


back to their regular work of making pipe for the next day and a half. 
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The minimum interval between casting and stressing was about three 
hours short of two days, and cylinder tests indicated well over the 3300 psi 
stress required by the specifications. Seven-day cylinder tests on the beam 
concrete gave an average of 5710 psi on 53 tests under normal curing and an 
average of 6330 psi on 31 tests under steam curing. 

The setting up of the forms presented no problem, but it was rather awk- 
ward working in such a small area installing the rods, stirrups, and strands. 
The greatest difficulty would have been in keeping the reinforcement. in 
position, but this was satisfactorily overcome by threading the ends of the 
longitudinal rods, tightening them with nuts against the end forms and wir- 
ing the stirrups to these rods. The strands were tied loosely to the forms 
at the center of span. 

A one-bag mixer was set up on the upper floor beside the beam, concrete 
chuted into a buggy and then shoveled into the forms. There was only 34 
cu yd of concrete in a beam and the dimensions were so small that it 
literally had to be placed with a teaspoon. An internal vibrator was used 
and the form tapped, with the net result of 50 well-formed beams with no rat 
holes and only the normal amount of air holes on the top of the tee. 

The first few beams were finished on top in a workmanlike manner in true 
finisher’s tradition until it was explained to the workman that a rough surface 
was required to assist composite action between the beam and the cast-in- 
place slab. 

The stressing was novel for the inexperienced. Two 30-ton Simplex jacks, 
set in accordance with instructions, were used. The first prestressed beam in 
New England was being born. 

However, as with any new venture, there were unexpected difficulties. 
The two bottom strands were to be stressed together with a load of 13 tons 
each, but when the jacks got above a few tons, leaky fittings caused difficulty. 
After necessary repairs, another problem arose; one of the strands failed to 
elongate the required 1 11/16 in. at 13 tons. <A visit to the other end of the 
beam with the jacks soon remedied that. The paper had been wrapped a 


little too tight on the strand and had caused bonding. It was tight only at 


one point because the sum of the measurements at both ends gave the required 
elongation. 

Next, when a strand was extended, the stud came out well encased in con- 
crete, and an hour was spent removing this so that the nut could be screwed 
up. The contractor had used a cardboard sleeve to encase the fitting but 
during vibrating the sleeve moved and became filled with concrete. The 
sleeve was forever after wired to the rods to prevent its being moved longi- 
tudinally, and the end was caulked with paper. 

The next difficulty was an excessive elongation, and was due to the fact 
that the strand was apparently unwinding. This could happen only to a 7- 
wire strand where the wires are wound only in one direction. It was over- 
come by holding a homemade wrench on the end nut of the ram to prevent 
rotation; very little force was required to keep it from unwinding, 





PRESTRESSED CONCRETE IN MASSACHUSETT:! 475 


It was then decided to release the loads after the beam had been stressed; 


the nuts did not seat by about 14 in. The nut was again set against the 


plate, the strand restressed to 13 tons, and the elongation was again 1 11/16 
in. From then on, each strand was stressed, released, and then restressed. 
Before each stressing the nut was set against the plate and the loss and ex- 
tension measured. The average elongation on the first stressing was 1 23/32 
in; the average loss on release of load was !4 in; and the average elongation 
at the second stressing was | 21/32 in 

Assuming that the jacks were correct, the modulus of the strand for the 
second elongation was 24,250,000 psi, which was close to the 24,000,000. psi 
required. The record kept on 150 strands indicates that some variation in 
individual strands might be expected, but the averages show uniformity 
of wire and accuracy in the gage readings on the Jacks. The average camber 
induced in the beams by the stressing was 4 in. 

One beam during the job was a casualty. The beams were stacked four 
high. The overhead crane ran directly over the beams, and one day the 
operator came along with the hook down, caught the top of a beam and 
knocked it off the pile. It landed on the floor on its side, and proved that a 
prestressed beam can take a load only when in its designed position; the 
beam received a permanent bend. When the concrete was broken away, 
two of the strands showed a slight kink. The manufacturer’s representative 
stated that as long as there was no cracking of the galvanizing the strand 
could be re-used and advised us to put the strands under 20 tons tension, hold 
this for 10 min. and then release. The elongation was frightening. The 
strands were permanently about 1!o in. longer than originally, but later 
when installed in three separate beams had the required elongation of 1 11/16 
in. under the 13-ton load. 

Not being satisfied with stressing twice initially, the question was then 
raised as to the loss in stress in the strands. Jacks were attached to the 
strands of beams No. 5, 6, 10, 25, 27, and 31 and it was found that the nut 
had to be pulled out from 'g to 4 in. from the bearing plate to put 13 tons 
into the strands. It was decided then that after all the beams had been 
stressed and had time to set, that each one would be restressed to 13 tons and 
the results tabulated. 

The beams were all restressed while stacked in the shop. On the restress- 
ing, the gage was read when the nut left the plate, and when the load had 
reached 13 tons the distance from the nut to the plate was measured. ‘Table 1 
gives the individual readings. Because of the position of the beam it was 
difficult to read the gage at the exact moment that the nut was free, and 
these figures should be discounted, but the elongations were measured care- 
fully and should be reliable. 

The elongations show that there was an average loss in stress of about 
17 percent in these beams whose ages varied from 24 days to a little over 
three months. The losses did not seem to increase with the age of the beams, 


at least over the above period, indicating that they took place soon after the 
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TABLE 1—RESTRESS OF CABLES TO RESTORE 13 TONS TENSION 
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beams were prestressed. While measured changes in the length of beams 
were erratic, it would seem that the average shortening of the beams was 
about ’g in. If this is so, there was a loss of 7.5 percent due to shortening 
of the beam and a loss of 9.5 percent due to creep in the strands and/or to 
some other cause unknown at the moment. 

As a final seal of approval on the beams, the nuts were spot welded to the 
end plate and the beams accepted for installation. The beams were then 
loaded on four trucks and transported to the site, there to be unloaded by a 
crane directly from the trucks to the bridge seat. 

The center beam was placed first. Due to minor irregularities, subse- 


quent beams laid up about 4 in. greater in width on each side of the center- 


line than had been planned. The only problem in erection was in lining up 
the beams so the transverse rods could be placed, but this was accomplished 
by threading one pilot red through as the beams were set. 

The beams were all placed in a little over 8 hr, and a fair price for this 
work, based on the use of one crane, operator, foreman, four laborers, and 
two railroad flagmen would have been about $350 or about $7.50 per beam 
as against the bid of $43.50. Thus, while the department had hoped to get 
a bid of $150 each for the beams complete in place, a fair price based on the 
work done would be about $172 

The remainder of the construction was routine. Side forms were erected 


for the roadway slab; joints between the adjacent beam flanges were plastered 
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to insure tightness; and the cast-in-place concrete placed in one day. En- 
casement of sidewalk beams and sidewalk slab was then completed; the deck 
slab was protected with 5-ply membrane waterproofing; 2! in. of bituminous 
concrete surfacing was applied and the bridge was ready for travel. 


TESTING PROGRAM 


As a part of a broad research program with the Massachusetts Institute 
of Technology, three extra beams were cast for testing to destruction in the 


laboratory. To simulate actual field conditions for these tests, a cap of 


3750-psi concrete was cast around the stem of the beams, making in effect a 
rectangular composite beam 17 in. deep and 12 in. wide. Also, to simulate 
the design load, a single 6800-lb load was applied by the testing machine to 
the third-points of the beam, this being the equivalent of the live load plus 
impact, plus the wearing surface. The concentrated load equivalent of the 
live load plus impact was 6110 lb. The program called for two of the beams 
to be unbonded and the third beam to be grouted. 

Test beam No. 1 was the second beam cast, test beam No. 2 the thirty- 
eighth, and test beam No. 3 the fiftieth. This latter was the grouted beam, 
and grouting was accomplished by encasing the strands in a thin gage 14% 
in. octagonal tube before placing, and by filling the area between the strand 
and casing with Cement Fondu after the stressing had been done. The grout 
was inserted by gravity and a sample cut from the broken beam proved the 
success of that operation. 

Beam No. 1 was tested when the concrete in the beam was 15 days old 
and that in the cap 9 days old. The load was applied in 500-lb increments 
to 5000 Ib, and was released to zero using the same increments. The second 
run up to 7000 lb was made in 1000-lb increments and was released to zero 
by the same increment. The third run was carried directly to 5000 Ib, thence 
to 10,000 with 1000-lb increments and on to destruction with 500-lb  in- 
crements. The first crack in the prestressed beam appeared near the dia- 
phragm under a load of 13,000 Ib. From then on, well distributed vertical 
cracks appeared in the middle third of the beam and failure occurred at 
26,300 lb. The beam had deflected about 744 in. The failure was initiated 
by excessive tensile elongation. As the resulting large cracks progressed 
upward the compression area was reduced until finally a compression failure 
occurred in the reduced compression zone. This took place at a point about 
20 in. from midspan. 

The cracking load was equal to dead load plus 2.15 times live load plus 
impact and the ultimate load was equal to dead load plus 4.3 times live load 
plus impact. The beam after the second release had a permanent deflection 
of 0.05 in., as indicated by Fig. 4. 

Beam No. 2 was tested when the concrete in the beam was 12 days old 
and that in the cap was 9 days old. The load was applied in 500-lb inere- 
ments to 7000 lb, released in the same increments and reapplied at 1000-lb 
increments to destruction. The first crack appeared 13 in. from the center 
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Fig. 4—Load versus deflection at 
low loads for beam No. 1 

















diaphragm at 12,500 lb. The cracks from then on were vertical and dis- 
tributed as on beam No. 1. Failure occurred at 26,000 Ib, at which time the 
beam had deflected 6%¢ in. 

Failure was similar to that of beam No. 1 and took place at the same point. 
The cracking load was equal to the dead load plus 2.04 times live load plus 
impact and the ultimate load was equal to the dead load plus 4.25 times 
live load plus impact. The beam after the first release had a permanent 
deflection of about 0.035 in. as indicated by Fig. 5. 

Beam No. 3 was tested when the concrete in the beam was 22 days old 
and that in the cap 19 days old. The cap concrete on the day of the test 
had a strength of 5600 psi and the beam concrete a strength of 6350 psi. 
The sequence of loading and unloading was the same as on beam No. 2. 
The first crack appeared about 13 in. from the center of the beam under a 
load of 13,500 Ib. Subsequent cracks were vertical but were distributed 
beyond the third-points, were more numerous, but did not open as wide as 
on beams No. | and 2. Failure occurred at 30,800 Ib and at that time the 
beam had a deflection of 6.5 in. 

Failure was similar to that in the other two beams, but took place under 
one of the applied loads. The cracking load was equal to the dead load plus 
2.2 times live load plus impact and the ultimate load was equal to the dead 
load plus 5 times live load plus impact. The beam after the first release had a 


permanent deflection of 0.024 in, as shown in Fig. 6, 
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In addition to the usual SR-4 strain gages installed on the outside of the 
beams, an internal cylindrical compression gage was used. It consisted of 
two 1!o-in. diameter end plates separated by a ring on which four SR-4 
type A7 strain gages were attached. A thin metal band encased the ring, 
sealing the interior of the gage. While these gages had been carefully de- 
veloped and calibrated, they had never been used before on a full scale test. 
Four gages were installed in beam No. 3. Gage No. 1 was placed 1.5 in. from 
the top of the beam in the cast-in-place concrete; No. 2 was placed 4.5 in 
from the top of beam and in the prestressed beam; No. 3 and No. 4 were 
placed 1.5 in. from the bottom of the beam. 

Fig. 7 indicates the location and reading of these gages. If the gages are 
correct there were compressive stresses in this beam in excess of the calcu- 


lated stresses. The calculated stress at gage No. 2 was 750 psi and the gage 


stress 900 psi. The calculated stress at gages No. 3 and 4 was 640 psi and the 
gage stress 1150 psi. Shrinkage of the concrete cap may have induced the 
additional stress in the top gage. Fig. 8 shows the strain distribution under a 
5000-Ib load on beams No. | 


and 2. 


Field tests were run on the completed structure, which incidentally had a 
final depth of 18 in. A single 20-ton truck was used having a wheel base of 
13 ft 10 in., 7 ft 6 in. center to center of back dual wheels, and 6 ft 3 in. centers 
of front wheels. 
front axle was 18,175 Ib. 








Fig. 5—Load versus deflection at 
low loads for beam No. 2 
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The structure was fully instrumented with both SR-4 strain gages and 
internal compression gages and for deflection a measuring device composed 
of a plunger deflecting a small calibrated aluminum beam was used. Many 
of the gages were destroyed by vandals. Those which remained intact gave 
low readings which were, however, consistent with the deflection readings. 

The magnitude of maximum tensile and compressive stress changes due 
to the application of the live load as obtained from gages at the extreme top 
and bottom fibers of the bridge was about 100 psi. With the left wheel of 
the test truck at the centerline of the bridge, the deflection of the centerline 
beam was 0.0173 in. and that of the curb beam was 0.0045 in. Deflection 
of the quarter-point beam with the left rear wheel at its center was 0.0137 in. 
Deflection of the curb beam with the right rear wheel at the center of the 
span and close to the curb was 0.01 in. 

Calculations indicate that the single truck could be equally distributed 
over 23 beams and that if multiple trucks had been placed on the bridge the 
distribution would be close to the 10 beams assumed in the design. 


CONCLUSION 


The author’s conclusion on prestressing, based on experience on the Danvers 
bridge and five other bridges which the department has put under contract, 
including four experimental bridges on the Newburyport Turnpike, is that 
prestressing will take its place as a bridge type along with the concrete T- 
beam, steel stringer, and rigid frame. 

Tests have borne out the design criteria except that the loss in prestressing 
on the Danvers project indicates that an allowance of 15 percent is insufficient. 


The most significant conclusion from the tests is indicated on the load- 


deflection curve in Fig. 9. Behavior of the three beams up to cracking, or 


about twice the live load, was remarkably consistent. The two unbonded 
beams followed each other closely to the ultimate, but from the cracking 
load on, the grouted beam was much stiffer, and the overload capacity at 
ultimate was about 18.5 percent more. 
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There is a difference of opinion at present as to whether the expense of 
grouting in strands is warranted, either for the protection of the stressing 
element or for the increased strength of the beam. The author hesitates to 
draw a conclusion from this one test. As a continuation of the Massachusetts 
Department of Public Work’s cooperative research program, extensive tests 
on this subject are to be made in the near future at MIT, making use of 
beams of various ratios of depth to width, beams with strands straight and 
strands parabolic; and with strands bonded in concrete, unbonded, and 
bonded by grout. The results of these tests should be conclusive. 

Costs on the Danvers job were not quite comparable with a composite 
steel stringer design, but were close enough to encourage further designs. 
Contract prices on prestressed bridges on the Newburyport Turnpike having 
spans varying from 58.5 to 65.25 ft indicate that on these bridges the costs 
were comparable with a steel stringer concrete slab design, but were about 5 
percent in excess of a composite steel and concrete design. Composite steel 
and concrete is a well developed form and prestressed concrete is still under 
development in this country. There is no reason to suppose that we won't 


find ways to make it more economical and perhaps cheaper than other types. 


The manufacture and stressing of these beams are comparatively simple 
operations, and no one should hesitate or have any questions about building 
one. 


There is considerable saving in the amount of critical materials in a bridge 
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Fig. 9—Load-deflection curves 
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of prestressed concrete design. Nine designs which were made, including 
Danvers, indicate that only one-third as much steel is required as in a com- 


posite steel deck. This point is an important one, particularly in a period of 


shortage of critical materials. 
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Title No. 49-33 


Looking to the Future in Prestressed Concrete 
Construction™ 


By J. F. JELLEYt 
SYNOPSIS 


Summarization of progress in prestressed concrete construction. Emphasis 
is placed on projects described in preceding papers and their part in pointing 
the way to future construction and greater use in America of prestressing 


INTRODUCTION 


In summarizing the preceding papers, the author wishes to point toward 
future progress rather than discuss past performances. Professor Holley’s 
review of activities for the past year has given encouragement. While the 
number of projects undertaken is still relatively small, the increase in the use 
of prestressed concrete has been tenfold. This is substantial evidence of the 
widespread interest in this new method of construction. It is impressive 
that there are now 34 plants set up to produce prestressed members on a 
production basis. This augurs well for the future. 

There appears to have been little change in the past year regarding the 
division of opponents and proponents of prestressing. To some of the doubters 
the question of economy, the most essential factor in the production of pre- 
stressed concrete, still remains to be conclusively demonstrated. To others, 
there are still some questions regarding the adequacy of the methods of pre- 
stressing. ‘To still others, there are the problems of adaptation of existing 
design and framing concepts to the available arrangements of prestressing. 

The past two years have seen a high level of construction activity, a level 
that would warrant much greater use of prestressing. It has been a period 
where jobs and funds await the contractor. Why is not this the time to per- 
fect new techniques and materials? Is necessity the only condition that can 
drive Americans toward more economical construction and a more proper 
use of materials? 

Several points impressed the author in the preceding papers. First, a few 
large and important American projects have been accomplished. We have 
passed beyond the small projects into the field of larger and more important 
utilization. Tampa Bay bridge and New York Harbor Pier 57 are examples 
of such projects. Both of these structures were susceptible to mass produc- 
tion techniques which undoubtedly led to the adoption of prestressing. 
~ *Presented at the ACI Fifth Regional Meeting, Chicago, IIl., Sept. 11, 1952. Title No. 49-33 is a part of copy- 
righted JouRNAL OF THE AMERICAN Concrete InstrTruTE, V. 24, No. 5, Jan. 1953, Proceedings V. 49. Separate 
prints are available at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later than 
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PRESTRESSED CONCRETE BECOMES COMPETITIVE 


Another point that is impressive is the indication that prestressed concrete 
is becoming competitive with older materials and methods of construction. 
The description of the Tampa Bay bridge indicated that conventional meth- 
ods of construction were considered and actually bid on as alternates. Mr. 
Rundlett’s description of the Endicott Street bridge indicates that while that 
particular bridge was not competitive, the margin of cost was so close as to 
justify more bridges of this design. 

Utilization of a large number of prestressed beams on New York Harbor 
Pier 57 was undoubtedly the result of a study of competitive materials. 
Roger Corbetta, the contractor on this job, felt that in this case, the pre- 
stressing technique was much simpler than placing reinforcing bars. Rein- 
forcing bar cages could not be assembled as rapidly as wire could be pulled 
into the beam forms on a production line basis. 

The next point that impressed the writer was the fact that the use of pre- 
stressing for special purposes undoubtedly will enhance the art. In many 
instances the use of prestressed concrete will be dictated by special con- 
siderations in which economy may not necessarily be the deciding factor. 
As a matter of fact, in some cases we will be willing to spend a little more for 


obtaining a quality of product or assuring a certain property of materials 
which may be required by service or performance conditions. The heavy 


forge foundation described by Messrs. Klein and Crockett is a good example 
of such a case. Here prestressing is introduced to improve the fatigue re- 
sistance of concrete. Unquestionably there will result an ultimate economy 
in maintenance costs. 

Still another point that has been brought out was the fact that savings in 
steel, particularly structural steel, can be expected from the use of prestressed 
concrete. The saving of structural shapes has been particularly important 
during the past two years when the construction industry has been operating 
under a system of priorities and allocations. Mr. Dobell’s description of 
prestressed girders in the Manhattanville College building is an excellent 
example of the use of prestressed concrete as a substitute material. Mr. 
Rundlett also noted that the Endicott Street bridge would normally have been 
built of structural steel. 

A point that particularly intrigued the writer was the successful solutions 
of construction problems. A hundred years ago such solutions would have 
been regarded as trade secrets and carefully guarded by the contractors of 
that day. The fact that today’s engineers and contractors are frank in telling 
of their experiences is certainly going to give contractors on future work 
much more confidence. Messrs. Crockett and Klein’s several solutions of 
construction details arising in the construction of the forging hammer foun- 
dation, as well as the problems arising on the Tampa Bay bridge and the 
Manhattanville College project, should be of great interest to the contractor. 

Finally, the author noted more symptoms of a condition that has disturbed 
him during the past few years, that is that our contractors today are most 
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reluctant to accept new methods and new ideas. In our Navy experience, 
we have frequently asked for bids on alternate methods of construction. 
Almost invariably the contractor will concentrate his efforts on the older 
methods and will put high prices on new methods of construction. The 
author has come to the conclusion that the only way we can get contractors 


to bid on new methods of construction is to include no alternate bids permitting 


other methods. Mr. Rundlett’s paper cited a good example: the lowest 
bidder on the construction of the prestressed beams was not a building con- 
tractor but a concrete pipe manufacturer. The high bid of contractors for 
the placing of material with which they were not familiar was also typical. 


NEED FOR PROGRESS 


There is always room for improvement in the design, mechanics, and 
materials of prestressing. Some of the needed improvements must come from 
the designer and the builder in the form of efficient designs and ingenious 
arrangements. Others, pertaining to the quality of steel and concrete, must 
come from the technologists and the metallurgists. Laboratories, on their 
part, should collaborate on various theoretical phases of the problem. To be 
more specific, we will need a concrete of much higher strength than we are 
presently using in our work. We need a steel of greater yield and more de- 
fined stress-strain relation than is available at the present time. We need 
new arrangements in which continuity can be fully applied through simpler 
devices of anchorage and stressing. 

There must be a closer association between design work in the office and 
execution in the field. Bright ideas, without practicability, will remain value- 
less. In most cases, the success and the economy of new developments will 
depend on the degree of cooperation obtained during the design and construc- 
tion stages of the project. A great part of the desired improvements must 
come through the joint efforts and skills of the designer, inventor, and con- 
structor. 

It is encouraging to note that there is a continuing development of new 
systems of prestressing. The systems with the most publicity a year ago now 
have strong competitors. The beam design for New York Harbor Pier 57 
made use of pretensioning, not commonly utilized in this country. The main 
advantage of this method is, of course, the elimination of end anchorage by 
employing bond. 

The competitiveness of prestressed concrete has been adversely influenced 
by patents in the past. If widespread adoption of this technique is to be ob- 
tained, it will be necessary to make the anchorage devices and methods of 
prestressing available to the construction industry without the burden of 
heavy royalties. Little progress has been made in making patented material 
freely available. However, competitive methods have been developed. In 
the long run, pressure of competition will force the reduction of patent royalties. 

Our future progress is dependent upon research. Professor Newmark 
enumerated a number of actual unknowns or rather unattacked problems 
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which require research before the prestressing technique is applicable to other 
fields. Mr. Rundlett mentioned that instrumentation had been provided 
in the Endicott Street bridge which will permit further study by MIT. The 
action reported by Mr. Dean of allowing the University of Florida to make 
some of the tests and publish the results was also praiseworthy. Mr. Dean 
also reported on tests that were made in connection with design of the Tampa 
Bay bridge to determine the value of bond strength. These independent 
actions are valuable but a long range coordinated program, such as that under- 
taken by the Portland Cement Assn., is absolutely necessary. Without 
a doubt this will insure a better product in the future, but as Professor New- 
mark points out, that is only phase two—laboratory experience. It is lost 
without observation and field experience. More research is needed, partic- 
ularly that planned on a programmed basis, and such programs should un- 
doubtedly include a long term study of performance. 

Lest any one get the impression from the papers on research that we do 
not have enough knowledge to proceed at this time, the author wants to 
emphasize that there is sufficient basis for adequate and economical design 
now as the accomplished work to date has proved. In fact, the research in 
progress indicates that designers have been too conservative up to now. 

It is felt that an impression is being created that prestressed design is 
beyond the capacity of most engineers. This feeling naturally has not been 


conducive in providing opportunities for greater application of the technique. 
A favorable condition for future progress can be created by removing the 
design of prestressed concrete structures from the currently accepted field of 
over-specialized work. 


While discussing design, the author wants to point out that while all of 
the applications in the preceding papers utilized simple beams, we must look 
toward continuity in design. We can not abandon our advance design con- 
cepts to use simple prestressed framing arrangements. The author can not 
agree that the only practical prestressed design is the use of a series of simple 
beams and isolated elements in an integrated framing. 

In some of the applications described it appeared possible to effect further 
savings by introducing continuous beams where the live load was an ap- 
preciable factor. But most designers are conservative; they prefer to learn 
to walk before they begin to run. Our designers are now learning to walk 
firmly as far as prestressing is concerned. 

The quality of design gained in the area of rigid framing and continuous 
structures in the past three decades must not be sacrificed in the introduction 
of prestressing in future design. The understandable motive of simplicity 
must not prevail over considerations of efficient design where optimum use 
is made of materials of construction. The use of a fully prestressed rigid 
framing remains a challenging task yet to be accomplished. Our engineers 
must devise newer and more ingenious arrangements where the advantages 
of both continuous framing and prestressed design can be maintained. 
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Construction Problems of Prestressing® 


By MAXWELL M. UPSONt 
SYNOPSIS 


Prestressing has offered a solution to the problem of getting the steel and 
concrete in reinforced concrete to act together more as a homogeneous whole 
than has heretofore been possible. Results of experiments with various types 
of prestressed piling have proved the applicability of this construction tech- 
nique and illustrate the savings in materials that accrue from the use of pre- 
stressing. Use of prestressing in concrete sheet piling and hollow concrete 
piles is deseribed. 

INTRODUCTION 

To the fraternity of engineers who have long dealt in concrete, prestressing 
is the answer to a fervent and oft-repeated prayer. The dream of a homo- 
geneous concrete with real tensile strength has come true. From the be- 
ginning, all of us who have had to do with reinforced concrete have been 
conscious of its serious weakness. Steel and concrete differ so markedly in 
physical characteristics that it has heretofore been difficult to work them to- 
gether as a homogeneous whole. 

It is well known that in long members the shrinkage in the concrete during 
its setting may place the steel under a compression amounting to well over 
12,000 psi. Since this compression of the steel must be removed before the 
normal tension function becomes effective, it is natural that the concrete 
with its low elasticity will not only lose its tensile strength but also develop 
cracks. If later overloading occurs, these cracks naturally become serious 
and result in steel oxidation and concrete disruption. 

The inherent weakness of reinforced concrete referred to above has been 
the subject of thought and experiment ever since the early 1900’s. It was not 
until 1937, when in Europe, that the author’s attention was called to Freys- 
sinet’s use of the elastic characteristics of wire to take care of shrinkage and 
plastic flow of concrete, which seemed to offer a real solution to the problem. 

It is the author’s observation that as yet most of us have little knowledge 
of the true merits of this new method of combining steel and concrete. Much 
research and many tests must be forthcoming before engineers will be com- 
pletely convinced of the advantages that accrue in the prestressing of con- 
crete. And, of course, such information must be available before designs 
will be modified to accept these advantages. 
~ TResed on a paper presented at Centennial of Engineering meeting of Construction Division, American Society 
of Civil Engineers, Sept. 4, 1952, Chicago, Ill. Received by the Institute Nov. 10, 1952. Title No. 49-34 is a part 
of copyrighted JouRNAL oF THE AMERICAN Concrete Instirure, V. 24, No. 5, Jan. 1953, Proceedings V. 49. 
Separate prints are available at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later 


than May 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 
+Member American Concrete Institute, Chairman of the Board, Raymond Concrete Pile Co., New York, N. Y. 
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Fig. 1—Sheet piling with dierent reinforcing and types of prestressing 


PRESTRESSED SHEET PILING 


To illustrate the savings in both quantity and cost of materials that accrue 
from the use of prestressing, four types of sheet piling were designed with 
different reinforcing and different types of prestressing. Fig. 1 shows four 
methods of using steel in a 6x 12-in. sheet pile 12 ft long. Beam No. 1 is 
reinforced with normal 54-in. round plain bars, hooped with 4-in. rounds on 
8-in. centers. No. 2 is post-tensioned with two 12-strand No. 6 wire cables 
placed in the center. No. 3 uses the same number of wires as No. 2 but here 
they are pre-tensioned and in two parallel lines separated 2!5-in., using 12 
on the top and 12 on the bottom. No. 4 uses only 12 pre-tensioned wires 
10 on the bottom and 2 on the top. All the wires in the prestressed beams 
were oil tempered with a yield point of 170,000 psi and an ultimate strength 
of 210,000 to 220,000 psi. For the initial prestressing, the wires were stressed 
to 150,000 psi. The 5-in. bars met standard reinforced concrete steel specifi- 
cations. 

Twelve beams—three each of the four types—were subjected to bend- 
ing tests in the engineering department of Tulane University. These were 
tested as simple beams over a free span of 12 ft with the loads applied at the 
third-points. Strain gage readings were made at various places and the 
strain and deflections of each beam were measured. Fig. 2 shows the rela- 
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tionship between the load and deflection for each of the four types of beam, 
the curves representing the average of the three specimens of each type. 


Based on present prices, the cost of steel for the standard reinforced beam is 
approximately 45 cents per lineal ft. In beam No. 2, in which the center 
reinforcing uses cables that are more expensive than plain wire although 
much cheaper to install, the cost is reduced to 41 cents per lineal ft of beam. 
The 24 pre-tensioned wires on beam No. 3 bring the cost down to 26 cents 
per lineal ft of beam. Beam No. 4 in which the wires are distributed on the 
basis of the stresses to which the pile is to be subjected, brings the cost down 
to 13 cents per lineal ft of beam. 


All the above is set forth for two purposes. First, to show that location 
of the reinforcing in prestressing is an important factor and, second, to in- 
dicate the marked saving in steel costs which are within reach if economical 
methods of placing are developed. 


The deflection curves indicate that beams No. 2 and 3, in which the pre- 
stressing is uniform throughout the member, show slightly greater strength 
than beam No. 4; but it is 
evident that No. 4, with 
half the amount of rein- 
forcement of No. 2 and 
No. 3, is still much stronger 
than the standard reinfore- 
ing. It will be observed 
that no hooping was used 
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made by P. W. Abeles.* Here the grouted wires give more than 75 percent 
increase in ultimate beam moment as against the ungrouted wires. Or, stating 
it another way, if the bonding is not adequate and continuous and end an- 
chorage alone has to be depended upon, the strength of the beam is reduced 
more than 40 percent. 

All the above point to the importance of adequate bond between steel and 
concrete. To attain this without peradventure, several important factors 
must have careful attention: (a) relationship of surface area of steel to the 
cross-sectional area; (b) method by which bond can be conveyed to the mass 
of concrete; (c) preserving the relationship of the wires to one another so 
that they will be straight and that all surfaces are available to the concrete 
or grout; and (d) a system that permits the bending or curving of the pre- 
stressing elements. 


Another important factor is the advantage that accrues from high quality, 


high compression concrete. Perhaps never before has this been so important. 
In European practice it is common to predicate a design on 6000-psi concrete 
and under special conditions in which weight is a factor, this may be in- 
creased up to 8000 and 10,000 psi. Of course, careful selection of materials, 
special screenings and proportioning, together with controls, are essential 
in any such operation. 


PRES RESSED HOLLOW PILES 


A prestressed hollow pile provides a unit of large bearing area and great 
surface friction area—all within handling and driving weights—and at the 
same time has a sectional modulus that permits long columns. As the pre- 
determining of pile lengths is always impossible, it is necessary to build such a 
unit in a manner that would make it possible to cut it off at any length. This, 
of course, required a sure way of holding prestressing without end anchors. 

To attain that end, long and careful determinations were necessary to 
ascertain the relationship of the cross-sectional area to the surface area of the 
reinforcing wire, and to as- 
sure that the wires are kept 
approximately parallel and 
free from contact so that 
the surfaces are exposed to 
the grout. It is essential 
that the interior surface of 
the hole containing the 
wires be of a character that 
will properly grip the grout 
and, perhaps most impor- 
tant of all, to provide a 


Fig. 3—Use of prestressed hollow piles to support oil treating : 
and control station in Gulf of Mexico grout that is not only work- 


*Abeles, P. W., ‘Ultimate Resistance of Prestressed Concrete Beams,’’ Concrete and Constructional Engineering, 
Oct. 1951. 
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Fig. 4 (left)}—Prestressed hollow piles made of 16-ft sections are held together by post-tensioned 
prestressing. Fig. 5 (right)—Detail of end of spinning unit which casts prestressed hollow pile 


able but also of a character that will expand rather than contract when it 
sets. 

Tests over a period of years have demonstrated that we have solved these 
problems beyond question. Long experience in underwater grouting and 
grout operation have been of great help in finding a sure answer to this phase 
of prestressed construction. The practical use of these piles or caissons is 
shown in Fig. 3, which is an oil treating and control station in the Gulf. of 
Mexico. Here the piles are 36 in. in diameter and 96 ft long. 

These units are made of a number of centrifugally cast sections 16 ft long, 
held together by post-tensioned prestressing (Fig. 4). The ends are spun 
by special methods, which provides a surface as perfect as if they had been 
turned by a lathe. Before the sections are pulled together the end surfaces 
are coated with a material that can be brushed on and which quickly develops 
a compressive strength greater than the concrete. This forms a watertight 
joint, simulating the ground joint flanges used in high pressure steel pipe 
construction. Fig. 5 shows the detail of the end of the spinning structure 
which forms the end of the concrete section. A projection around each hole 
location forms a recess ihn the concrete section; this provides extra grout 
around the wires at every joint, thus giving added assurance against possible 
infiltration of water or air. 

In the handling and driving of thousands of lineal feet of these units, 
using hammers of up to 10,000-lb moving part, no evidence has been dis- 
closed that there was any slippage of the prestressed wires. Prestressing in 
these units is attained by the use of a 12-strand No. 6 high tension straight 
wire cable. The number of cables in each unit depends on the service to 
which the unit is to be subjected. The top of these piles after having been 
driven several thousand blows with a 10,000-lb moving part steam hammer 
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Fig. 6 (left)}—Suggested’arrangement for oil well derrick base platform in 25 ft water depth. Fig. 
7 (right)}—Suggested, arrangement for oil well derrick base platform in 100 ft water depth 


remains firm and prestressing seems to provide a toughness or resistance to 
abuse that has not been heretofore encountered in the use of concrete. 

A series of careful tests have proved that with proper grouting 12-strand 
No. 6 straight wire cable will develop its breaking strength with an imbedment 
of from 24 to 36 in. in length. The 36 in. is required when the grout is in early 
stages of setting, developing only about 2000 psi. Less than 24 in. is required 
when the grout attains its full 5000 to 7000 psi compressive strength. 

Klimination of the internal stresses that have heretofore been inherent in 
reinforced concrete, combined with the tensile strength that  prestressing 


develops, make it possible to treat this material in much the same way that 


steel has been used for many years. Substitution of such members in struc- 
tures exposed to weather and sea water has great advantage, not only in 
permanency and cost of maintenance but sometimes in original cost. 

To illustrate application of these units to the practical solution of some 
of our present problems, Fig. 6 and 7 show the island construction for off- 
shore oil drilling. Here, not only are the piles, varying from 36 to 54 in. in 
diameter, an important part of the. structure but prestressing is used in the 
beam, floor construction and X-bracing to save weight and installation cost, 
together with the advantage of low maintenance. One of these structures 
is designed for 25 ft of water with a 35-ft wave; the other structure is de- 
signed for 100 ft of water with about a 25-ft wave. 

To test the resistance of this material to the deteriorating action of sea 
water, particularly in the areas between high and low tide, sections of pre- 
stressed piles were placed in the New York harbor area in 1939. | Not only 
were the piles exposed to high and low water in vertical position, but short 
sections were also laid on the beach so that the ends, with the stressing steel, 
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were subjected to the same exposure. Also involved was the factor of alter- 
nate freezing and thawing. Naturally the wires which extended beyond the 
surface of the concrete rusted off; but this rust stopped within 4 to 4 in. 
of the surface and imbedment of the steel in the concrete beyond this dis- 
tance was bright and clean, indicating that it had been completely protected. 


These experiments, together with other observations, convince the writer 
that the old specification of requiring a cover of 11% to 2 in. in concrete of all 
steel in sea water construction may be reduced if prestressing is used. The 
13-year test shows that it may be safe to reduce this cover to as little as 
14 in. These characteristics open up a wide field for the use of prestressed 
concrete in tanks, boats, and scows. 


For the reader familiar with anchorage devices for holding the steel under 
stress, it is unnecessary to discuss the details. They all seem to have merit 
and perhaps are a wise precaution under certain conditions; but if they are 
seemingly essential, the designer must keep in mind that the strength of the 
beam must be increased almost 75 percent to allow for the lesser moments 
that are inherent in the end anchorage system. As soon as the continuous 
adhesion of the concrete to the steel ceases, the unit becomes an end anchorage 
beam with less than two-thirds of its normal carrying capacity. With these 
facts before us, it is evident that in the interest of economy and saving in 
weight it is essential that the industry recognize the necessity of complete 
and adequate grouting of all the post-stressed steel elements. Where the 
engineers we serve demand anchorages, we recommend a 2 in. thick square 
plate drilled with a tapered hole to receive a tapered plug which locks the 
wires. This is economical and sure. 

The 134 in. diameter holes in the hollow piles or caissons are formed by 
the use of rubber covered steel tubes. These are withdrawn a few hours after 
spinning the sections. This produces a surface which gives excellent adhesion 
between the grout and the body of the concrete. 

It is obvious that in long members the placing and removing of a core of 
this kind is expensive and in many cases impractical, particularly when 
curvature of the prestressing unit is desirable. To meet this need the writer’s 
firm developed and patented a method for making a cable unit (Fig. 8 and 
9) which not only produces the completely steel encased grouping of wires 


which are held in place by thimbles, but also provides flexibility and proper 


shouldering on both the inside and outside of the tubing so that longitudinal 
motion is impossible. This cable holds the wires in an even and uniform 
position so that all surfaces are exposed to the grout, and it also works to 
great economy in handling and placing. The 12-wire cable can be put in 
position in the cage as easily as a 1 in. ordinary reinforcing steel bar‘and has 
approximately two and one-half times its reinforcing strength. In the author’s 
opinion, the cost of placing steel in work of this kind although more per ton 
will be considerably less per foot of unit. 
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Fig. 8—Special cable unit used 
for prestressing piles 
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Fig. 9—Spinning the cable unit 
with its protective steel covering 


CONCLUSION 


Experience thus far indicates that we have in prestressed concrete a more 
durable and more useful masonry material than has heretofore been available 
to the building industry. In consequence, it is incumbent upon us as con- 
structors of the future to devise means and methods to have its merits recog- 
nized. 

Thus far our efforts have been directed to the finding of methods and 
procedures that are better and safer and will work to a cost reduction. The 
wider avenues of use to which this new child of the industry may be applied 
must be the subject of further consideration. 

As has been previously stated, the use of reinforcement in concrete in a 
manner that will permit it to take high tension loads without cracking and 
avoid the normal cracks that develop through temperature changes must be 
simplified to meet our labor rates if it is to attain wide acceptance in this 
country. The author believes that Yankee ingenuity will solve these prob- 
lems promptly and satisfactorily. 





of Significant Contributions in Foreign and Domestic Publications 


New railway station of reinforced concrete at 

Enschede, Netherlands (in French) 

Le Genie ¢ V. 119, No. 2, Jan. 15, 1952, pp. 32-34 
Reviewed by M. W. Jac 


KSON 


economize wood for falsework, 


To 
prefabricated beam forms of reinforced con- 


24 x 28 
») 


on 


used, with a U-section 


1.8 in 


crete were 


») 


in., with walls thick and bottom 2.2 
After 
place, steel and concrete were placed so that 
the the 


finished beam 


in. thick. the forms were mounted in 


form became an integral part of 
Columns were cast in place. 
but nearly all other elements of the building 
were prefabricated ol concrete, such as stair 
and door casings, wall slabs 


thin 


WwW indow 
The 


vermiculite conerete slabs 


ways, 


ete. ceilings were formed. of 


Density measurement of concrete slabs using 
gamma radiation 


Kk. KE. Smira and A, ¢ 
dor V. 194, No, 5040 


Warren, The Engineer (Lor 
Aug. 20, 1952, pp. 275-251 


Reviewed by M. W 


Jackso 


the 


testing experimental surlace 


road 


trying to improve compaction ol 


slabs by 
vibrators with various amplitudes and_ fre- 
Wiis to 


necessHvAry have a“ rapid 


T ‘ 
est 


quencies, it 
density slabs 


thick. 


mensurement 


method of me 
10 ft x 4 ft x 
\ method of 
used based on the absorption of gamma or X 
by the The 
basis is outlined, 


isuring 


were IS in 


Was 


density 


radiation concrete physical 


and limitations described — briefly The 


AMERICA) 
Detroit 10 


*A\ part of copyrighted JouRNAL Or THE 
V. 49 Address 18263 W. MeNichols Rd 
the book or article reviewed is in English 
In those cases where the fo title 
le is indicated in parent 
ACI. fh 


ished by 


eign 
original arti 
available throug! 
ivailable 


most « 


ACI o 


will be fur 


and equipment with range 


original radiation source was radium gamma 
rays, but subsequently radio-cobalt was more 
X-ray 
able because of the size required and costs 

A tube 
bored hole in the slab and radiation measured 
Three 


feet is apparently maximum thickness of con- 


practical equipment was not suit 


of source material was lowered in a 


along a horizontal line at edge of slab 
crete that can be measured successfully. It 
the whole 
Method yields 


used to measure 


was not 


width of an I1-ft 


possible to test across 
road slab 
good accuracy. It may be 


density within 1 in. of top of slab without 
slab 
complete survey of test specimen with eight 
holes ind 


each ineh depth (1S in deep) required one 


day 


any shic lding material on surface. \ 


along centerline measurements at 


How to determine the surface quality of roads 
(Comment apprecier la qualite superficielle 
des chaussees) 

R. Paowt, Annales des Ponts et Chaussees (Paris 


M 
V. 122, No. 3, May-J 


ine 15% 
Reviewed by Minsky 


Describes irutus (the “eymatometre”’ 


tp) 
designed to measure 


nici 


suri roughness “a8 a 


function ol ve per 1, which is thus 


treated as one of the variables (paramete rs) 


Author 


readings) per unit length of pavement versus 


plots Surtace roughness (meter 
vehicle speed and suggests using this, suitably 
divided into labeled 


ments 


Zones, to classify pave 


Concrere I 


Mic Whe 





498 JOURNAL OF THE 


Slag cement in the construction of Scottish 
dams 

The Engineer 
1952, p. 647 


London V. 193, No. 5024, May 9 


Reviewed by Anon L. Mirsky 


Blast furnace slag will be 
the the 


crete mixers in the proportion 


ground wet at 


site and slurry injected into con- 
slag and 
the 


Trief process, already used in the construction 


; cement. Advantages claimed for 


of the Bort-les-Orgues dam in central France, 
are lower heat production, increased resist- 
ance to acid and reduced 


peaty waters, 


portland cement consumption (a saving of 
some 20,000 tons is estimated for the Cluanie 
and 112 
ft high and 2165 and 1745 ft long). 


Loyne dams, respectively and 58 


Regarding the influence of frictional forces and 

bearing pressures in connection with prestress- 

ing in concrete structures (in German) 

W. Swipa, Publicatior International Assn. for Bridge 

and Structural Engineering, V. 12, 1952, pp. 260-280 
Reviewed by M. W 


JACKSON 


Friction losses HAY be underestimated ais 
an important source ol loss of tension in pre- 
The Kuler (1736)-Eytelwein (1814 


Grashof (1867) equation for friction loss in 


stressing 


machine parts assumes constant curvature 
\ general expression is developed here show- 
ing that the equation, S=Ve, holds good 
for any desired shape ol tensioning mie mber 
A table is given for quick determination of 
losses for values. of 


Iriction coefficients of 


friction from 0.05 to 0.40 and for values of 
the angle of deflection from 5 to 90 deg 


that 


Two 
numerical examples show prestressing 


loss due to friction is of considerable im 


portance when the angles of deflection are 


large \ further mathematical study is 


made of the distribution of bearing pressures 


cnused by frictional forces 


Prestressed and prefabricated reinforced con- 
crete parts as bearing elements in assembled 
floors (Vorgespannte Stahibeton-Fertigbauteile 
als Tragglieder in Montagedecken) 


Were, Betonstein-Zeitung (Wiesbaden), \V 18, No 
5, May 1952, pp. 177-180 


Reviewed by Rupo.res Fiscu 


Analyzes the points which have to be con- 


beams 


the iis 


sidered in using prefabricated floor 


with respect to erection and = to 


sembled Structural 


construction behavior 
of the prestressed beam and its function in 
the floor system as a 


the 


whole is discussed, ss 


well as economic production of pre 
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stressed units. Experimental work has been 


done in the development of a machine, 


using only a short form and compacting 


that the 


without 


the conerete in sections, so con 


crete sets 


That 


having formwork 


and hardens formwork 
eliminate 


bind 


the prestre ssed member 


would the disadvantage ot 


during hardening of 


Loads on reinforced concrete floor slabs and 
their deformations during construction 
Knup E. ¢ Nie! N, Proceedis No. 15 
Cement and Co te Research Institute. 1 

The 
ered in this bulletin consist 
load 


typical examples ¢ 


main part ol the in 


estigation Coy 
ol the 


L of studies 


distribution and deformations in some 


‘xamined Im a test house 
The experimental part ol the 


divided 


variations in moisture content of form lumber: 


Investigation 


Wis into tour series ot tests: 1) 


(2) effect of these variations: (3) test house: 
and (4) long-time deformations of floor slabs 

\ method, based on the theory of elastic ity, 
is evolved for calculating the load distribution 
in formwork and the slabs 


the effects of 


moments in floor 


during construction, when 


shrinkage and creep of concrete and form 
timber are neglected 


The results of the investigation show that 


floor slabs in which the ratio of slab thickness 
to the span is as low as 0.02 can be used with 
out anv risk of harmful deformations during 


construction 


New method for determination of stresses in 
plane elasticity (Methode nouvelle de de- 
termination des contraintes en elasticite plane) 
M. Danrt i t P 

V. 122, No. 4, July-Aug 


The analogy between the I 


\iry 


be tween 


aagrange and 


equitlons results Ith correspondence 


stresses in plane elasticity and 


curvature of plates, for corresponding 


lond on. the 
basis of the applic ition 


photore tle 


conditions and no 
This is the 


tuthor’s 


bound iy 
pl ite 
of the 


‘tive method to 


the proble m of dete rmining stresses in plane 


el] ISTICITyV 
Article 
method, 


cliscusses theoretical DSS ol 


boundary conditions, and 


det ills, 


( Xp rl 


mental und gives results of one 


study: a square with compressive forces on 


two opposed faces Agreement with photo 


elastic results is good 
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Recent progress in the study of reinforced con- 

crete (in French 

Le Ge ( \ my Vicar 1952, pp. 107-109 
M. W. Jac 


KSON 


Resumé of communication presented to 


Prof. M 


viewing recent 


Congress on Building Research by 
Hjalmar Granholm, Sweden, re 
reinforced concrete 
steel 
1944 
in Sweden with steel of elastic 


120 ksi; 


progress In 


Higher quality ind alloy steels are 


discussed. Since tests have been made 
ona large scale 
limit of 85 strength 


illowable 


17 ksi without serious risk of cracking 


ultimate 


KSI, 
results obtained permit an stress of 
New 
used 
destined = to 


high-bond strength bars are 
New 


replace 


being 


methods of calculation 


classic il methods have been dk 


veloped, theories, 


the false 


] 
using plasts since many 


have criticized assumption — of 


Hooke’s law applied to concrete In theory 


of indeterminate structures, application of 
issumes that stiffness #/ 
load; 


contradictions in 


theory of elasticity 
and 


many 


Is constant independent ol this 


produces design, 
ind improvements are 


suggest« d 


Test to destruction of prestressed concrete 


bridge 
I nes 


173, No. 4502, 4505; May 9 
1), 1952, p. 691 


Reviewed by Aron L. Mirsky 


Describes test ol three span portion ol 


Load 


footbridge at Festival of Britain site 
Wiis placed on end span 
Ultimate load 


only, 1! for live 


91 


load 


wus lower 


lactor for live 
and dead load) 
than expected; it is thought reason is failure 
cable 


during 


ol grout to 


ducts It 


penetrate full length = of 


had 


operations 


iso) «been noticed 


prestressing that the friction of 
the cables was quite high: 


the cables 


uniformly 


it 1s thought that 


were therefore not prestressed 


throughout their lengths 


Partially prestressed concrete constructions 
built in the eastern region of the British railways 
1948-1952 


P ABELES 


Two partially prestressed bridges were 


built in 1948, in which 


mild 
d with tensioned high 


tests 


untensioned 
steel bars were combine 


Full 


1949 and indicated complete CO 


tensile wires size beam were 


made in 


operation ol tensioned and untensioned 
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wires up to ! iilure sused on these tests 14 


partially prestressed bridges were subse- 


que ntly built. (Advant iwes ol the construc- 


tion are resilience, yrenater 


than 


greatet economy, 
conventional 


and 


\ further example is a 


ind reduced depth pre- 


stressed construction. Static latigue 


tests are described. 


factory root for which partially prestressed, 


precast beams were used for the first time 


Determination of mixing proportions for con- 
crete aggregates (in Hungarian) 


Velyepitestudomanyi szemle 1, No 
1951, pp. 274-276 
I 


I BARABAS 
May 
CAL ABSTRACTS 

No. 1, 1952 
The 


qu ilitv conerete 


grain structure required for high 


is confined to narrow limits 


To produce sand-gravel concrete which wall 


satisfy the standard for reinforced conerete, 


it is necessary to establish accurate mixing 


ratios for aggr which the 
The 


percentage ean 


egutes, or 


graphic 


method is recommended limit’ value 


of materials 


exXpresst d in 


Cut } 


connected by 


be determined for screen If these 
limit 


they 


values are sty tight lines, 


irea strip All 


between the 


bound an 
which fall 


marke don the 


will vertical 


lines limit values 


straight line will vield, within 
the area strip in question, mixtures that will 
produce a grain structure conforming to 

Mathematical 


two 


production specications 
determination of the 
ind the 


matical methods comp ired 


ratio ol materials 


ind 


is. discussed, graphic mathe 


Experimental study of slabs by an optical 
method (Etude experimentale des plaques par 
une methode optique) 

M. Dantt 1 ‘ li 

V. 122, No. 3, May-June 


Reviewed 


After 


experimental method of obtaining moments 


discussing the principles of 


Ith slabs by 


means of a mirrored model 


the author discusses its ipplic ition to various 


CASES! eireular and rectangular plates 


centrally loaded, square plates supported on 


loaded, 


two 


three sides and uniformly square 


nibbed plates supported on opposite 


sides or at the corners ind plates resting on 


the ground. Results of the latter study are 


presented in the form of charts which author 


claims are applicable to airport runways of 


various thicknesses and with various soil 


conditions 
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Fixed-end moments in beams with 


haunches 


B. Mayrievp and R. C. Coares, Engineering ondor 
V. 174, No. 4512, July 18, 1952, pp. 68-69 


Reviewed by ARON I 


linear 


Minsky 


Authors present expressions for fixed-end 
stiffness and carry-over 
the 


and 


moments, lactors, as 


found by column analogy using inte- 


their 
ealeul ited 


describe 
the 


gration, experimental 


verification of quantities in 


two cases, using 36-in. brass models. 

An approximate method, using Simpson’s 
one-third rule, is given in the discussion of 
this by D. E. the 


Sept. 19, 1952, p S81 


paper Jones, in issue of 


Construction of bridges of prestressed concrete 
by cantilever construction without scaffolding 
(in French) 

Le Genie (¢ 1 Vv No. 7 


LOSSIER, 


121-124 


HeNRY 
1952, pp 


120, 


Apr. 1 


Reviewed by M. W. Jackson 


Construction of reinforced concrete bridges 
centering is in general the 
costly Over 


deep rivers and navigable channels the false- 


on seaffolding or 
but 


most simple, often also 


work or consequent measures to keep the 


channel open may be « xpensive. One method 


to overcome the difficulty may be to place 


temporary trusses which may be quickly 
and easily erected and to suspend formwork 
from them. 

A method used by one contractor to build 
Mach 


Start- 


several bridges is described in detail. 
span is divided into sections 10 ft long. 
ing from the supports or piers, the sections 
are built by cantilevering or corbelling 
after the other until they 


one 
meet at midspan 
Movable apparatus supported on the com- 
pleted sections of the bridge has been de- 


veloped to support the forms 


Test requirements for prefabricated concrete 
block for chimneys (Ueber die Anford- 
erungen an Beton-Schornsteinformstuecke bei 
der Pruefung) 


K. Wauzand J. Strey 
VY. 18, No. 1, Jan 


Betonste 
1952, pp 


Reviewed by Kt 


Zeitung (Wiesbaden 
3-7 
DOLPH Fiscut 


ful- 


fume 


chimneys have to 


like 
joints, 


Concrete block for 
fill 


resistance, density of 


eertain requirements fire and 


elimination of 


big cracks, and good thermal insulation 


Two factories in southern Germany have 


been prefabricating double-walled concrete 
rubble is 


all the 


using brick 


block fulfill 


form block by 


l hese 


agygre- 


gate require- 
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ments listed above, and were accepted by 


German building authorities for heating 
installations in houses as well as for industrial 
purposes 

Paper describes German specifi ations for 
testing chimneys and for fire testing, discusses 


the block 


without reinforeing, temperature conditions, 


formation of cracks in with and 


changes in compressive stre ngth and com po- 


sition of concrete. Tests showed that sand 


or gravel are not favorable 


Suitable ar 


aggregates 
all mineral aggregates of a fine 
porous structure which can resist temper- 
atures around 1000 C without serious ch inges, 
like pumice, lava slag, porous furnace slag, 


or ceramic aggregates 


Centrifugal casting of concrete, manufacturing 
methods and uses (Schleuderbeton- seine 
Herstellung und Verwendung) 
\ MEYER Betonsteir (Wiesbaden 18 


vo. 7, July 1952, 


The principle ot concrete compaction is 
based the 


In modern plants the manufacture of con- 


on action of centrifugal forces. 
crete poles by ceé ntrifugal process is done in 
two-part steel molds on machines specially 
designed for this purpose. Concrete plants 
operating on the centrifugal process are how 
able to produce up to 36 poles per day. Sizes 
to 32 By 
savings be 


dead The 


improved quality ol concrete possible in the 


up m long can be made use of 


prestressed reinforcement, may 


achieved in steel and weight. 
centrifugal process soon led to its application 
pipe. Pres 


sure pipe having to withstand more than 12 


in the manufacture of concrete 
atmospheres are now made regularly by this 
process, while those made to take a pressure 
still in 
These pipe are prestressed 
the 
ward surface of the pipe is wound with pre- 


ol up to is atmospheres are the ex- 


pe rimental stage 
in the out- 


longitudinal direction and 


stressed wire after completion. 


Frangible construction for bomb blast protec- 
tion 
James R. ¢ 


Sept 


rH, Western Construct V. 27, No. 9 


tKIFF 
1952, pp. 63-64 

Reviewed by M. W. Jackson 

Brief discussion of frangible construction, 

that is, breakable, brittle, or fragile construc- 

tion as applied to resistance to bomb blasts 

In the 


supporting 


construction, 
should 


point 


design of frangible 
be 


to 


structural frame not 


stressed beyond the yield prior 
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failure of roofing and siding. Tests are de- 
scribed on corrugated asbestos-cement roofing 
by a laver of reinforced 


covered concrete 


with perlite aggregate. (A smooth roof sur- 
face was desired to avoid air pockets where 
air might 


condeasation of contaminated 


occur.) Breaking loads were less than that 
for poured gypsum containing wood pulp to 
slow setting, and it was a low breaking load 
that the Atomic 
Commission’s Works. 


given, 


for 
Hanford 


research 


was desired Energy 


Suggestions 
for additional are plus a 
nomograph relating ultimate load and clear 


span. 


Age-strength relations for air-entrained con- 
crete 


Frank H. Jackson, Public Ro 
1952, pp. 31-36 


is, V. 27, No. 2, June 


AuTHOR’s SUMMARY 


that 


adverse 


Although it is generally recognized 


entrained air in concrete has an 
effect upon strength, exact information as to 
the amount of reduction to be antic ipated ut 
the later ages has been lacking. Data pre- 
this that the 


usual Class A structural concrete (6 sacks per 


sented in article indicate for 


, 


cu yd and 3 in. slump) a reduction in com- 


and flexural strength of approxi- 


10 
ages up to and including five years 


pressl\ Cc 


mately percent can be anticipated for 
This 
is on the basis of approximately equal ce 
ment content and slump for both types ol 
concrete, and with the sand content of the 
air-entraining concrete reduced by an amount 
approximately equal to the volume of en- 
The tests the 


fluence of the chemical composition ol ce- 


trained air. also reveal in- 
ment upon the rate of strength development 
They show that the strength of concrete con- 


Type I 


paratively low 


taining cement, although com- 


at early ages, may exceed the 


strength of concrete containing typical Type 
I cement (high in tricalcium aluminate) at 


later ages by a substantial amount 


Theory of girder walls with special reference to 
reinforced concrete design 


H. L. B 
\ 3), No. 8 


Londor 


Unumann, The Str 
Aug 


tural Engineer 
1952, pp. 172-182 
Reviewed by M. W. Jackson 
flexure formula for beams is 
In 
girder walls, the span to depth ratio may be 
The walls of 
bunkers, for example, act as girders spanning 


The ordinary 


based on a small span to depth ratio. 


equal to or greater than unity 
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between column supports, and carry a por- 
tion of the floor load, & portion of the con- 
The 
such 


tained material, and their own weight 


main features of design methods for 


beams Is described, based In part on previ- 
ously published work and in part on original 
research, 

recommendations are for 


Design given 


minimum thickness (as a function of length 
and height, based on elastic stability), fon 


load- 


in the 


reinforcement under various types of 


ing, and for design near an opening 
wall 

The design of the steel reinforcement was 
based on assumption that the elastic theory 
for a homogeneous material is applicable 


and all 


regions fully reinforced to develop full work- 


conerete carries no tension, tension 


Ing stress 


Stresses in deep beams 
Li Cuow, Harry D 
>roceedings, ASCI 


1952, 17 pp 


Conway and Grorce WINTER 
Separate No. 127, V. 78, May 


\UTHORS SUMMARY 


Beams whose depths are comparable to 


then spans are used in a variety of structures 


Distribution of bending and shear stresses 


in such deep beams departs radically from 
that given by the ordinary, simple formulas 
lor shallow members Information on 
stresses in 


able 


mation 


continuous, deep beams is avail- 


elsewhere, and corresponding — infor- 


for single-span beams is presented 


in this Five cases of 


loading are 
three 
different span-to-depth ratios are examined 


paper 


studied, and, for four of these CASCS, 


Distributions and magnitudes of bending 
and shear stresses are given in graphical and 
tabular form suitable for direct use in design. 
Although this information is directly appli- 
cable to 


material, such as steel, their use in connection 


structures made of homogeneous 


with reinforced concrete requires some 


special considerations that are briefly 


outlined 


Complete protection of buildings against 
damage caused by mining subsidence (in 
Polish) 

F. Wasirtkowskl, Inzyni¢ ti Bud nict V. & No 
7-8, 1951, pp. 276-287 
Revit 
Olszah 


Ws 


O52 


Current design methods of fully preventing 
damage rarely hold for real conditions, being 


How- 


suitable for areas with deep sinkings. 
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ever, for areas affected by normal mining 
subsidence the present analysis of foundation 
slabs is not adequate; it leads to overexagger- 
ated values of transverse forces and bending 
moments. This is due to the fact that, as a 
rule, the vertical (and horizontal) movements 
are caused by flat basinlike depressions of the 
strata resulting in an only slightly curved 
subsided surface. 

Author 
base slabs for complete protection of build- 
Ings, 


pressure distribution under the base 


presents a method of calculating 


taking into account the probable 

Trans- 
verse forces and bending moments depend 
on the rigidity of the building, on the inten- 
sity of surface deformation, on the nature of 


The 


developed analysis, considering these factors, 


soil, and on the type of foundation. 
leads to more economical design ol bases, 
especially to savings of reinforcing steel for 
reinforced concrete foundations. 


Prestressed concrete with ‘Stahl 90" (Spann- 
beton mit Stahl 90) 

( FINSTERWALDER, Die 
7, No. 6 and 73 
pp. 248-250 


Bauzeitung (Stuttgart \ 
June 1952, pp. 208-211; July 1952 


Reviewed by Anon L. Minsky 


\ description, addressed to the architect 
rather than the engineer, of the advantages 
and of the Dyckerhoff- 
Widmann system, which uses high-strength 
bars with rolled threads at the ends. After 


and 


of  prestressing 


prestressing, the spaces between bars 


metal sheaths are pressure groutect with a 


mixture of Plastiment, and 


Second 


cement, water 


(no sand is used). part of article 


discusses the bridges built by  author’s 


system of cantilevering. 


Prestressed concrete pipe piling protects wells 
in open gulf waters 
H. B. Sem.er, Oil and Gas Journal, \ ol, June 16, 
1952, pp. 348-349 

Reviewed by M. W. Jackson 
16-ft 
36 in. outside diameter, with 4-in. wall thick- 


Piles are manufactured in sections, 


hess. 


Kach section is centrifugally spun with 


an outside form only, reinforced with a spiral 


cage of wire. The spiral reinforcing is nec- 


essary to facilitate handling prior to pre- 
The with 8, 


16 1-in. holes lengthwise in wall for 


stressing. sections are cast 
12, or 
prestressing cables Sections to make re- 
quired pile length are put in cradle where the 
holes are aligned exactly. Plastic joint com- 


pound is spread on the ends of the sections, 
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cables run through the holes, fastened at one 
end, stressed by hydraulic jacks to 150,000 
psi, held by locking cones, and grouted. 

Keonomy is reported when compared with 
conventional piles for offshore oil wells. The 
use of 36- or 54-in prestressed pipe pilings 
is planned for future wells in the Gulf by one 
oil company, with the top of the pile 25 to 
30 ft above the water 


Prestressed concrete girders sub for steel ones 
in shortage 


Witiram H. Quirk, Contract d Ey 
Aug. 1952, pp. 54-56 


yineers M 
Reviewed by M. W. Jac 
Original plans called for 72 tons of struc 


Manhattanville 
The structural plan called for six 


tural steel for dining hall of 
College 
girders for an elevated floor system 65 x 132 
ft for the assembly hall which was above the 
No intermediate columns 


Due to steel 


main dining hall. 


were permitted shortages, 
reinforced concrete alternate was considered, 
40 tons of bars. Final 


prestresse | design required 8.08 tons of steel 


but would have used 


Prestressed girders were 65 ft long and 4 ft 


deep. They consisted of a top flange 30x 8 
, and a web 
18 in. thick, spaced IS it on centers Each 
girder is reinforced by 22 cables of 12 wires 


of 0.196-1n. 


in., a bottom flange of 20 x 7 in 


diameter. High early strength 
concrete was used, with 5000 psi strength at 
7 days. Ten cables were stressed and grouted 
beam after the beams 
12 cables 


grouted after the floor system was cast 


in each were cured 


The remaining were stressed and 


Stable concrete mixes 


Sven G. Berastrom, Bulletin No. 24, Swedish Cement 

ind Concrete Research Institute, 1951 32 pp 
\UTHOR’s SUMMARY} 

used 


Deformability measurements can be 


to make sure that concrete does not 


segre- 
gate during conveyance and consolidation 
This requires that the concrete mix shall be 
rendered stable, 7.¢ that its deformability 


shall 


period of consolidation 


reasonabl 
If the deformability 
decreases as the period ot consolidation be 


remain cofistant during a 


comes longer, this implies segregation, which 
involves the risk of inhomogeneity and areas 
Furth- 
ermore, segregation can impair the resistance 


of weakness in the finished structure. 


to frost action and the watertightness of con- 
crete. \ 
indicates 


marked increase in deformability 


poor workability, and hence in- 
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volves the risk of reduction in quality on 
account of inadequate compaction. 

Various methods of stabilizing 
the and 
illustrated by examples derived from practical 
Additions of 


increase in deformability, the composition of 


concrete 


mixes are discussed in paper, are 


applications. resins causes an 


the mix being equal in other respects, pro- 
duces stabilization, and Improves the work- 


ability. This is also demonstrated by 


examples 


Discussion of some practical examples of 
waterproofing applied to flat roofs (Discussion 
de cas concreto d'etancheite en _ toitures- 
terrasseo) 

M. G.-E. VARLAN nales de L tut Technique du 
Zatiment et des 1 r aris), No. 51, Mat 
1952, pp 


,10-328 


AUTHOR'S SUMMARY 


The article compares waterproofing of flat 
roofs as it was done 25 years ago with present 
day methods. Today, forms are designed to 
reduce the risk of wide cracks to a minimum, 

ribbed 


Thermal insulation is placed so as to prevent 


particularly in floor construction. 


sudden changes of temperature from causing 
deterioration of bituminous coverings. 

In discussing joints between waterproofing, 
proper, and peripheral and projecting parts 
of the roof, various problems are considered, 


Among them are: corrosion of metals in 


waterproofing, behavior of translucent con- 


crete in relation to its forms, encasing and 


quality of glass bricks, stresses due to expan- 
slon of bars poorly encased in porous con 
crete, deterioration of coverings, and pre- 
cautions to be taken in connection with root 
drainage. \ bibliography on waterproofing 


problems is included 


Steady-state forced vibration of continuous 
frames 
C7 

136, \ 


ASC I 


Separate No 
Acrnor’s SUMMARY 


The analysis of the vibration of continuous 
frames subjected to a periodic force is im- 
portant in the study of the design of struc- 
The motion 


that is 


tures that machinery 
of the 


usually 


support 
machinery lorce 


but 


produces 4 


small, which, because of its 


periodic nature, sometimes causes large de- 
flections to develop Analyses have been 
the forced 


that is, 


made of vibrations of simple 


systems a spring supporting @ mass, 


ind a simply supported beam The study of 
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simply supported beams by means of har 


monic analysis is congruous 


the 


parti ularly 


in the relation of the mathematics to 


nature of the physical phenomena 

The theory presented in this papel! makes 
it possible to analyze continuous frames, 
utilizing the svstem of harmonic analysis “as 
it is applied to simple beams. The structure 


is treated as a series of simply supported 
members with periodic end moments which 


will prov ide continuity 


Reservoir of prestressed concrete at Beverwijck, 
Netherlands (in French) 


Bus, Le Ge ( . Fy 
25-126 


ALFRED 
1952, pp. 1 


120 


Nie 7 Apr 


Reviewed by M. W 


JACKSO® 


Karly studies indicated tanks of pre stressed 
than reinforced concrete for 
Two tanks 45 ft 
and 39 ft deep were built 
The tank 60 
12 wires of 0.2 in 
steel. 


concrete rather 
sewage plant. in diameter 


contained vertical cables of 
diameter, of high strength 
These cables were placed in metal 
tubes equally spaced in the wall, and were 
anchored in the base by an added length of 
the 
special anchorage blocks and sub 


They the 


ment in the wall due to fixity at the bottom 


wire; they were anchored part way up 


wall by 


sequently grouted carried mo 


Jetween the cables were vertical grooves in 
the the 
there to 4 in 


wall which reduced wall thickness 


In the grooves were additional 


the base which assured 


the 


cable S anchors d in 


vertical compression In concrete Cy 
cular reinforcement placed around the base 
120 
Helical reinforcement around the tank walls 
0.05 to 0.2 in All 


142 ksi; allowance 


consisted of wires, 0.2 in. diameter 


varied from diameter 


wires were tensioned to 
flow, ete 


$200 


was made in design for shrinkage, 
Concrete strength at 7 days 


The final 


pneumatically-placed mortar to protect rein 


Wiis psi 


structure was given a cont ot 


forcing 


Calculations were based on a vertical 


band or unit width passing through the axis 
of the 


bounded by two planes 


reservoir and a horizontal section 


Drying concrete masonry units 


Witiiam J 


Sept. 1952 


SHOKE Rock Product 
pp. 141-142, 154 


Reviewed by Donato M 


AGRIMASO 

Tests indicate that it is practical to reduce 
moisture well below any specifications with 
designed The data 


correctly drying kilns 
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in this article, obtained by the author in 
his tests, should be helpful to the average 
producer with no laboratory facilities. 
Standard block to 
moisture call for continuous application of 
heat 18 hr; however, the 
most rigid specifications demand a reduction 


tests for drying zero 


over a period of 
to no more than 30 percent average moisture 
content which can be 


mately 6 hr. 


achieved in approxi- 
The kiln layout suggested by the author 
incorporates a heating and blowing equip- 
ment system to remove moisture from the 
block. Dry air enters the kiln, is heated, 
picks up moisture from the block and is 
When 
holes 


passage ol alr, average water 


then discharged into the atmosphere. 


block are stacked horizontally with 
allowing free 
loss is more rapid than with other stacking 
arrangements 

Charts 


on cinder 


and curves, obtained from 


block, 
humidity of air 


tests 


indicate relative percent 


entering blower, relative 
humidity of air leaving exhaust, temperature 
inside kiln, temperature of entering air and 
and rate at which 


bl k 


hour ol operation. 


exhaust ar, water was 
succeeding 


It is pointed out that 
while the curves and charts apply only to 


tuken from during each 


cinder block, the reader could successfully 


interpolate to determine results on other 


types of conerete block 


Thermodynamic calculations in respect to 
steaming prefabricated units and monolithic 
constructions in space, as well as the thermos 
heating system (in Hungarian) 

S. Naay, Epites-Epiteszet, V. 3, No. 3, Mar. 1951 
pp. 156-166 


\BSTRACTS 
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HUNGARIAN TECHNICAI 


Purpose of this study was to provide an 
easily applicable system for calculating the 


amount of heat necessary for steaming pre- 


fabricated and spatial monolithic structures 
further, the 
and the cost rf 
Calculations are 


ot reinforced concrete, and 


quantity of fuel needed 


steaming. divided into 


three main groups: (1) Steaming of 


reinforced 


pre- 
This 


chapter contains a description of the steam- 


fabricated concrete slabs 
ing procedure conducted in closed cabinets 
placed within an enclosed space, with details 
on calculating the heating of and the loss 
of heat in the premises where prefabrication 
is carried out; the heating which precedes 
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the mixing of concrete; the steaming; the 
loss of surface heat of the steam cabinet and 
ol steam pipes. 
cated 


(2) Steaming of prefabri- 


reinforced concrete beams of small 


cross section. This problem is also dealt 


with in the same manner. (3) Steaming of 
spatial monolithic reinforced concrete struc- 

giving detailed 
study with 


tures, similar 


The 


the thermos heating system as applied in a 


calculations 
concludes an example of 


specific case. 


Mechanics applied to vibrations and balancing 
D. L. Tuornron, 2nd Edition, Chapman & Hall, Ltd 
London, 1951, 584 pp., about $7 
Appuiep Mecnanics Reviews 
Apr. 1952 (Soroka 
This second edition differs from the first 
primarily by the addition of a new chapter 
on the dynamic loading of structures, and by 
a rewriting of the general survey chapter. 
The scope ol the book can best be indicated 
by its chapter headings: balance Ing of engines; 
vibra- 


balancing ol locomotives; theory of 


tions; propogation of stress in elastic ma- 


terials; beams and plates; rotating shafts 
and discs; dynamic loading ol structures; and 
general survey 

Topics common to books on vibration 
treated by 


include 


theory are Classical methods 


These 
plates, 


beams, struts, membranes, 
torsional vibrations of branched and 
geared systems, critical speeds, gyroscopes 
Author expresses a preference for the Lag- 
and uses it wherever 


rangian approach 


possible. The Rayleigh method is also used, 
particularly when dealing with rigid-jointed 
The 


waves 18 


structures and bars of variable section. 


theory of propogation ol elastic 


applied to pile driving, stress waves in com- 


posite materials (¢ q., reinforced concrete), 


water hammer, seismic waves, and trans- 


mission of wave power. Plastic strain-wave 
propogation is outlined briefly in conjune- 
tion with Hamilton’s equations Of motion 
Author 
problems concerned with failures in structural 
with the 


and 


presents general discussions of 


connections, relations of subsoil, 


foundations, superstructure to earth- 


quake effects, and with turbine wheel vibra- 
tion. 
300k provides many interesting applica- 


tions not usually found in other volumes on 


mechanical vibrations, although it also omits 
practical such as the 


some techniques 


Stodola and Holzer methods 
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Fig. 1—Aerial view of partially completed 340-ft span hangar with centering in background 


Construction Aspects of Thin-Shell Structures’ 


By ANTON TEDESKO 4 


SYNOPSIS 


Form design, handling of formwork, and labor take on added importance 
because a relatively lower percentage of total cost is represented by material 


costs for thin-shell structures. Construction techniques 


form centering, 
concreting, decentering and movement of forms 


are discussed. Costs and 
labor requirements for typical small and large span projects are given 


INTRODUCTION 


Man’s accomplishments are always measured in relation to the frame- 


work within which he must work. Many of the great construction achieve- 
ments of past days would be routine problems to the engineer and builder 
of today. The technology of building construction has made great strides; 
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never before has there been an age offering such a variety of materials, tools 
and skills. In this atmosphere, so conducive to new developments, it is sur- 
prising that it took so many years for reinforced concrete shell construction 
to become firmly established as part of the building industry. 

Considering the abundance of material resources in the United States, 
and their scarcity in Europe, it is quite understandable that European de- 
signers were among the first to develop and make use of shell construction. 
The great reduction in material made possible by the curvature and space 
action of the shell aroused widespread interest. However, what appeared 
so good on the designer’s table became a real problem to the builder. Cost 
of concrete and steel materials for this type of construction represented a 
relatively lower percentage of the total cost, and therefore form design, form 
handling, and labor increased in importance. As Europeans began to solve 
their shell problems within their economic framework, this country saw its 
first counterpart built at the Chicago World’s Fair if 1933. In the following 
years the Roberts and Schaefer Co. were in the forefront of this unique 
engineering development. 

High speed concrete erection is common today. Flat plate construction, 
prestressing, precasting, and tilt-up construction indicate the popular trend 
towards mass production in the field. This trend, if not initiated, certainly 
was anticipated in shell construction. Improvements in construction tech- 
nique are primarily responsible for the success of shell structures, this having 
been accomplished under the aegis of a single group of engineers, numbering 
among them the writer. Many ingenuous contractors have cooperated in job 
applications of new ideas during the years of pioneering, contributing to the 
development of procedures which today can be considered almost ‘standard.”’ 

American designs are based on local labor-material cost relationships. 
The job is planned from a production angle. A builder meeting a stringent 
time schedule can ill afford to work under conditions imposing laboratory 
controls. These factors sometimes result in acceptance of penalties in material 
quantities which can be offset by savings in labor. The successful structure 
is as much a product of the designer as the work of the construction man, 
and the resourceful engineer must visualize the construction job as it will 
develop while the structure is still in the design stage. It is therefore ap- 
propriate at this time, when so many fresh minds are ready to make their 


contributions in this field, to review the status of construction techniques. 


Concrete men have long recognized such basic production facts as (1) 
cost of production varies with the number of units fabricated, and (2) cost 
of “tooling up” can be spread over the number of units to be produced. 
Consistent with the desired rate of progress, it is desirable to build the greatest 
number of units with the same tools, that is with the same set of forms. An 
economical construction set-up requires at least several re-uses of a centering 
and of forms which should not stay in place longer than really necessary. 

Repetition of operations on each unit produces low unit cost. Any group 
of construction workers, even if unskilled at the beginning, becomes more 
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skilled as the same operation is repeated. ‘Taking a lesson from industry, 
it has been found advantageous to organize a job on a straight-line production 
basis. The order in which construction work is done is nearly alike for similar 
jobs, but the timing schedule for different operations varies. The required 
time for operations on a first unit may be as much as 60 percent higher than 
the estimated average, but the required time decreases rapidly at first and 
eventually becomes nearly constant for operations on successive units as the 
work is repeated in a planned cyele. 

Thin shell structures are economical if forms can effectively be re-used. 
The emphasis, therefore, especially for structures of smaller area, is on design 
for sufficient form uses rather than on design for the lowest material quantities. 
During the last war, U. S. Navy hangars in Maryland were designed for 
the use of a centering left over from a much larger hangar; this centering 
could be floated down the river on a barge to the job site at low cost. The 
dimensions of these available form trusses, rather than theoretical design 
considerations, established the shape of the structure; greatest economy and 
speed of construction were thereby accomplished. 

Besides keeping the amount of formwork to a minimum it is desirable 
that the forms be kept as simple as possible. Hence, shells with curvature 
in two directions, or layouts unsuitable for form re-use, should be utilized 
only when their choice is dictated by esthetic or functional requirements. 
For most. conditions the simple cylindrical shell is preferable. With curva- 
ture in one direction, a smooth form surface can be attained with no greater 
difficulty than in ordinary flat plate construction. Shell surfaces steeper 
than 45 deg, requiring either top forms or very stiff concrete, should be 
avoided. 


FORM CENTERING 


Use of mobile form centering is often advantageous, permitting re-use of 


forms by moving them intact to their new location. Such movable form 


travelers become especially simple when the shell structure consists of one 
or more unbroken barrels with a smooth unobstructed ceiling. Form center- 
ings have been built of wood and steel; delivery time for timber forms, in 
most cases, has proved shorter than for steel unless existing steel forms or 
tubular scaffolds were available. The original cost of steel forms is higher, 
but not prohibitive for larger jobs. As the number of repetitive building 
units increases, forms and plant set-up can be more substantial and elaborate 
without appreciable influence on the unit cost of the structure. 

The size of units comprising a form centering assembly depends upon 
available construction equipment. The time element and type of available 
labor may influence a decision with regard to the amount of fabrication or 
prefabrication. The expected salvage value may have a bearing on the choice 
of materials, sizes, and lengths. 

Where labor cost is low, such as abroad, centerings have been assembled, 
dismantled and re-erected for successive concrete pours with hand labor 
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and with savings in material. On the average domestic job, heavy equipment 


is used and the handling of larger units is preferred. Centering assemblies 
usually consist of timber ring-connected trusses or curved laminated beams 
supported by a system of timber towers or braced posts. The trusses in turn 
carry joists covered with treated plywood or sheathing. Usually, a group 
of screw jacks, inserted between towers and trusses, or near ground level, 
takes care of proper adjustment and ease of decentering. The centering is 
designed for a simple moving and concreting cycle; in construction position, 
it is supported rigidly from the ground and properly guyed against wind; 
in its moving position it travels on wheels and rails. 

Fig. 1 to 8 illustrate various types of formwork accommodating different 
shell designs. Fig. 2 shows the first (1937) timber ring-connected truss 
used for forming purposes, arranged to slide on what will be the crane runway 
of the finished building. The center tower, on pipe rollers during the moving 
operation, supported most of the construction loads during placement. of 
concrete. 

Fig. 3 shows the steel traveler for a small span structure built in 1939, 
Fig. 4 and 5 a similar design in wood construction a few years later. The 
valley portions of the forms were hinged to clear the columns during the for- 
ward move. Such a design was used recently in the construction of a factory 
for Western Electric Co 


Fig. 2—First use of split ring- 

connected trusses for centering. 

Storage building for cement plant, 
Hudson, N. Y. 


Fig. 3—Steel form travelers, 43 ft 
wide, for Richmond, Va., marine 
terminal warehouses; 6-in. H- 
columns at 12-ft centers support 
steel trusses 6 ft apart. Chords 
and knee bracing consist of 4 x 
3-in. angles; web members and 
wind bracing are 3 x 3-in. angles. 
The plywood roof deck is sup- 
ported on staggered 4 x 6 in. 
timbers at 2-ft centers. Cast steel 
wheels of 14-in. diameter are 
attached to each post between 
two 8-in. channel stringers. A 
pair of jacks are built into these 
stringers at each wheel 





CONSTRUCTION OF N-! | TRUCTURE 


PIVOT FOR DROPPING 
EDGE FORM 
TO PASS COLUMA 








Fig. 5—Typical timber traveler, 

first used for 45-ft bay multiple 

span warehouses for U. S. Army 
and U. S. Navy 


Svea 


Fig. 6—Centerings for 340-ft span U. S. Air Force hangars. Timber ring-connected trusses are 

supported on light braced towers consisting of 6-in. posts and 2 x 6-in. diagonals. Screw jacks 

are located both at rail level and at bottom chord of trusses. Note arrangement for lifting concrete 
by cranes 
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Fig. 7 Another method of lifting 

concrete. Hoisting towers are 

integral part of centering; towers 

with ‘added booms” are used to 
hoist reinforcing steel 


The centerings shown in Fig. 6 and 7, for 340-ft span U.S. Air Force hangars, 
are built of timber trusses, supported on light towers. Except for built-in 


hoisting towers and cross runways identical centerings were designed for 
different locations. Variations of this design were used in recent years for 
the construction of arenas at St. Paul; Denver; Victoria, B. C.; Quebec; 
and even in Argentina, Sometimes it is advisable to support the traveler 
from previously constructed floors or bleachers, resulting in centering trusses 
of considerable span such as those used for an arena in Washington, D. C. 
The centering shown in Fig. 8 was used for the construction of a 165-ft span 
hangar designed for the U. 8S. Navy at Buckley Field, Colo., in 1951. 
Construction of shell structures progresses with the building of foundations, 
columns, etc., during the several weeks required for erection of the centering. 


Fig. 8—Hangar for U. S. Navy. Centering consisted of 10-in. posts and %-in. round steel 

diagonals supporting wood trusses with glued laminated chords. Truss web members utilize 

wood for compression and steel rods for tension. Horizontal struts are of built-up channel section 

with 2 x 10-in. side pieces and a 2 x 14-in. ieee on top and with spacer blocks as required for 
stiffness 
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Fig. 9 (right}—Details of reinforc- 
ing, mesh mats, and bar supports 
for hangar roof 


Fig. 10 (left)—Details of reinforc- 
ing, mesh mats, and bar supports 
for warehouse roof 


REINFORCING STEEL 
Steel reinforcing for shells is essentially wire mesh with additional bar 
reinforcing as required by edge conditions and diagonal tension. The rein- 
forcing is simple and little if any bending is required. The steel mesh is sup- 


ported by continuous chairs about 4 or 5 ft on centers. Mesh in mats was 


found preferable to the use of mesh in rolls because of easier handling. Steel 
men quickly get used to the requirements of shell work and place reinforcing 
steel on roof forms of moderate curvature for the tonnage price customary 
for flat decks. 

It has been found helpful to paint the location of key reinforcing bars 
on the forms before covering the form surface with clear lacquer and form 
oil, for guidance in placing bars of inclined diagonal pattern. Fig. 9 and LO 
illustrate details for placing reinforcing steel and bar supports. 


CONCRETING OPERATIONS 


A roof shell slab with its stiffening and supporting members, between ex- 
pansion joints, is considered as one unit and except for the columns should 
be constructed monolithically. This determines the size of a major concret- 
ing operation, which proceeds evenly from the springing line up and usually 
is planned so it will take one working day, and no overtime, to place the 
concrete. Depending on the yardage involved and the surface area to be 
finished, the contractor can determine the equipment and labor necessary 
to place the concrete within the planned number of hours, after which time 
only the concrete finishers remain on the roof, 
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Usually a 5!4- or 6-bag mix is used of 3- or 4-in. slump with 34-in. maximum 

aggregate size. Contractors have come to like air-entraining concrete, 

especially in the steep portions of a shell, because of its greater cohesiveness 

and resistance to segregation. 

Hoisting and distributing 

by hoisting towers (Fig. i 

usually attached to and moved with the centering, or by pump. 

Maximum yardage usually handled by one crane or tower is about 40 
cu yd per hr. The maximum hoisting rate depends upon the speed at which 
the concrete can be properly placed, vibrated and finished. The minimum 
rate is governed by the requirement that all concrete edges must remain 
alive, and that cold joints must be avoided. It is recommended that the 
hoisted concrete be dumped into distributing hoppers, often located at 
various levels, on the leading edge of the centering. 


Concrete has been lifted by cranes (Fig. 6), 


Placing of concrete has been accomplished by: 

(1) Runway and buggy from the distributing hoppers to small chutes or directly into the 
forms. The runways are placed on trestle legs at convenient levels and often laid out for 
one-way traffic. They sometimes are dismantled as the work progresses and they become 
unnecessary. 

(2) Crane bucket dumping directly into the forms. This permits the use of a lower slump 
The method often is slow as a crane usually must boom up and down for every bucket \ 
crane, even with a jib, may not have full reach over the entire placing area; a combination 
with some other distribution method may become necessary. It is important that the con- 
Much time and labor will be expended in 
shoveling concrete uphill if placed too low 

(3) Pumping directly into the forms. Good 
results have been obtained on short span proj- 


crete be placed not lower than its point of usage. 


ects. Usually, the small unit quantities of 
concrete required do not justify the cost of a 
pumping installation. The method is consid- 
ered less flexible than operation with buggies, 
especially in case of breakdowns 

(4) Shotereting. This usually is not eeonom- 
ical except for repair work. Good results are 
obtained only with experienced operators 
Considerable shrinkage has been observed in 
shotcreted shells. 

(5) Movable conveyor system. This should 
be considered as a transport rather than a 
placing method. The result is satisfactory 
when the conveyed concrete is dumped mito 
distributing hoppers where it can be re-mixed; 
otherwise, trouble has been encountered with 
the mix losing its fines as the paste sticks to 
the conveyor belt. 


Experience on many projects has 


Fig. 11—Concrete hopper attached at the shown that the most practical way to 
head of mobile runway feeds buggies for 
placing concrete on multiple shell U. ; Md 

Army warehouse operating on a runway and from there 


place concrete on shells is by buggies 
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dumping into small chutes or directly into the roof forms. A movable con- 
cereting runway, first devised for the construction of a big warehouse roof in 
1941, was mounted on wheels and rails, extending across the width and running 
the length of the concrete placing area (Fig. 11). A hopper which fed the bug- 
gies was attached at the head of the runway and was filled with concrete by 
crane bucket from below. The buggies were operated by four men who were 
able to cart 320 cu yd of concrete each day in approximately eight hours or 
less. Movable runway bridges have been used since, where the job was large 
enough to justify the convenience and initial expense and where the arrange- 
ment of a few fixed runways was not considered cheaper or sufficient. 

Placing and finishing 

Iixcept on very short shells, placing of concrete is started at the springing 
lines, where the slope of the roof is a maximum. Care is necessary to prevent 
segregation when concrete is placed by chutes. Labor should be properly 
supervised and instructed how to work as a team. Dumping of concrete 
from buggies into chutes should produce a steady flow without surging 
The moving of chutes to place concrete in the designated areas should be 
uniform. Concrete is placed alternately into ribs and on the slab forms, 
usually in 8- to 12-ft lifts. The size of these lifts, the number and position- 
ing of workmen depend on the decided rate of placing and on the time required 
to vibrate and finish the concrete without developing cold edges against 
which the next lift is to be placed. Individual vibrators or vibrating screeds 
are used to obtain a dense concrete slab. Too much vibration causes the 
concrete to sag downhill in the steep portions of the forms. 

A reliable method of placing the shell slab without honeycomb consists 
of covering a given form area fully and to the specified thickness with the 
concrete available for it. Only then is this area systematically vibrated by 
placing the vibrator head in the concrete for a few seconds at points about 
| ft apart, working in horizontal rows from the bottom up. Vibrators should 
not be used to spread the concrete; the concrete should not be raked; the 
vibrators should not lie in the concrete nor be in contact with the mix longer 
than required for optimum results. 

Simple depth gages have been used as an aid to striking off the concrete 


to the right depth, as well as mechanically operated scaffolds with screeded 


strike-offs Removable metal sereed supports made of flat bars or pipes 


with short legs have been found useful; also spacers of job-made concrete 
blocks for varying thicknesses of slab are sometimes used and located along 
lines where slab thickness changes. 


Fig. 12—Detail of forms, bracing, 
and supporting devices for roof 
shell and rib 
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Runways and forms for ribs, if required, are supported on precast blocks 
secured to the forms and remaining in the concrete. It has been found ad- 
vantageous to give these blocks the shape of inverted, truncated cones. 
ig. 12 and 13 show the arrangement of blocks, form details for the ribs, 
and bracing arrangements successfully used for forming concrete shells. 

Finishing of the shell slabs is done by hand with the use of wood floats. 
Finishers stand on a light, narrow scaffold which is dragged over the finished 
shell surface as the work progresses (Fig. 14). It is good practice to have 
a finisher follow up about one hour later to float off rough areas and, where 
necessary, to fill small holes with grout. Attempts have been made to use 
a road finishing arrangement for large scale operations. The top surfaces 
of exposed ribs are trowel finished and beveled to facilitate drainage. 

Special attention is necessary on warm or windy days to avoid cold joints 
during the placing of a roof shell. Concrete along the edges is prevented from 
setting during unforeseen interruptions by keeping these edges ‘alive’? with 
small quantities of fresh concrete. 

A contractor may do well to start slowly with the placing of the roof con- 
crete so that the men working in the steeper portions of the shell have enough 
time to finish the placed concrete properly. The rate of placing will increase 
as the men get used to the operation and as the angle of the roof flattens. 
A contractor’s headache in connection with his first roof concreting experience 
is almost always due to lack of proper finishers and vibrator operators. On 
the second day of placing roof concrete, the output is increased as the time 
and the cost of placing are substantially decreased. After further savings on 
the placing operations which follow, time and output after the fifth or sixth 
placing operation usually remain fairly constant. 

Tarpaulins should be available in case of rainstorms for the protection 
of the shell slab portions which have not yet set. If the work must be dis- 
continued, it is recommended that bulkheads and small keys along construc- 
tion joints be provided and that these be located if possible along lines of 


low stress; the placing of shear dowels may be required at joints in ribs; the 


joints should be cleaned and 
slushed with mortar before 
concreting is continued. 

Sometimes in the past, 
large summer concreting 
operations have been suc- 
cessfully performed during 
the night. The work is per- 
formed evenly without dis- 
tractions, the concrete con- 
sistency remains uniform, 
and the mix does not lose 
moisture such as it may 

Fig. 13—Details of forms, chutes, and finishing of concrete 01) hot days. 
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Fig. 14—Chuting and vibrating 

of concrete ahead of finishing 

operation. Note the protection 

of reinforcing from spillage of 
concrete 


Fig. 15—Winter operations at 
U.S. Air Force hangars of 160-ft 
span. Note the pipelines for 
pumping concrete and the ex- 
tensive protective housing 


Fig. 16—Cold weather concret- 
ing at U.S. Air Force base, Rapid 
City, S. D. Note the runway 
arrangement, protective housing, 
steam pipe leaders for heating, 
and track installation for centering 
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During winter, standard rules for cold weather concreting should be ob- 
served. The space occupied by the form centering has been enclosed and 
heated on past jobs and the roof has been covered with insulation or housed 
with tarpaulins a few feet above the shell (Fig. 15 and 16); sometimes a few 
holes have been left open in the shell forms and slab through which warm 
air could rise and circulate. Use of high early strength cement, strict temper- 
ature control, and the curing of test specimens under job conditions at roof 
level are almost mandatory. (Laboratory-cured cylinders, however, should 
also be tested.) 

The designing engineer should be conscious of the rising construction cost 
when the rate of strength increase of the concrete is low. At times it may be 
economical to employ designs using greater material quantities and of de- 
creased slenderness so as to have a sufficient safety factor at an early decenter- 
ing age. An early form re-use and a saving in the cost of winter protection 
and heating may offset the greater material costs. 

A light spray of water may be useful for curing the shell slab. Various 
membrane curing compounds have been used and sprayed on the concrete 
shell with apparent success. 


DECENTERING AND FORM MOVEMENT 

Since the quick re-use of forms is essential to the contractor, he will often 
be more interested in obtaining a high concrete strength at an early age 
than to get the ultimate 28-day strength which the designer usually specifies 
This may lead to the use of richer mixes than called for, or the use of high 
early strength cement to obtain a saving in formwork, a speed-up of con- 
struction, and better use of labor. 

Usually a structure can safely carry the dead load and construction loads 
when its concrete has reached 70 to 85 percent of the specified design strength. 
Assuming a design strength of 3000 psi, and that the contractor wishes to 
strike his centering after 5 to 7 days, this would require 2500 psi on the de- 
centering day or a concrete of an actual 28-day strength of 4000 psi or more. 

PIPE BEARINGS Where elastic requirements and 
buckling considerations are used to 
govern the time of decentering, it has 
been found practical to make the de- 
centering time dependent on the de- 
flection of small test beams, reinforced 
to simulate the bending condition 
a = P within the roof shell. These beams 





WareRtTignt Sacer Mevar are field tested on consecutive days, 
Lineo Box 2°6" 36% 1°9" 


whereby the load usually is applied 











by filling a metal lined box slowly 





with water (Fig. 17); permission to 


el decenter is given when the daily de- 


Fig. 17—Testing rig for beams flection has become smaller than a 
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specified value, 7.e., the apparent modulus of elasticity measured by deflection 
of test beams must be greater than the value specified. 

When the concrete has reached the desired strength and deflection 
characteristics, the formwork is lowered evenly, or in a predetermined manner. 
As a convenience for the workmen, the amount of vertical movement is 


expressed as the number of turns or fractions of a turn on a screw jack. A 


centering for a sensitive structure is lowered by operating screw jacks in 
proper sequence so as to provide for deflections proportional to the final 
deflection curve of the structure. (This operation should take about 30 to 45 
min.) When the forms have separated completely from the concrete, all 
blocks and wedges used for distribution and transfer of the loads at ground 
level are removed and the assembly is lowered onto rails so that it can be 
rolled into position for the next unit. (See Fig. 18 to 20 for wheel, rail and 
jack details.) The form traveler sometimes is pulled ahead by winch-operated 
cables, or it is “walked out” by a tractor, or it may be pushed ahead with 
rail jacks. The entire hangar centering shown in Fig. 6 was pulled ahead by 
a system of cables attached to the rear of the towers and converging at one 
point where a single winch provided the moving powe! 

The moving operation itself usually takes little time for a low height 
structure, where it is convenient to repair minor imperfections of the con- 
crete ceiling from a separate movable tower seaffold. It is, however, ad- 
vantageous to clean and to point imperfections of high concrete ceilings from 
the form traveler as the stripped concrete surface becomes exposed during 
the moving operation. Men can finish the concrete ceiling and install equip- 
ment from a working platform at ceiling height attached to the rear of the 


traveler about 6 ft below the arched slab. The moving operation in this 


Fig. 18 (above)—One arrangement of wheels, 
rails, and jacks for the support and rolling of 
mobile centering 


Fig. 19 (above, right)}—Mobile centering 
resting on rails 


Fig. 20 (right)—Jacking mobile centering off 
rails 
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case may take several hours; however no special effort or scaffold is required 
later for follow-up work. When the traveler has reached its new position, 
it is lifted off the tracks; supporting blocks are again inserted between false- 
work and floor or ground, and the screw jacks are operated to re-adjust the 
roof curve to the correct shape, elevation and camber. 

A comparison between the centering types shown in Fig. 6 and Fig. 8 
indicates that initial material costs are about equal and that the type 
represented by Fig. 8 may be somewhat cheaper to erect. The first type 
(Fig. 6) has far superior truss articulation, an advantage in following a planned 
decentering procedure; also auxiliary scaffolds, such as platforms under- 
neath the deck where carpenters must tighten up bolts, can be attached more 
easily. A finisher’s platform for the second type can be supported only 
from the joists of the form deck, and clearance for finishers requires that 
this centering be lowered 8 in. for moving as compared to about 2! in. 
for the first type. 

From the standpoint of form movement, the best design is offered by a 
structure with a constant clear profile in the direction in which the forms 
travel; this means that no concrete girders or ribs should project below the 
ceiling and that the columns should be outside the profile of the form center- 
ing (Fig. 21). For designs where beams or ribs project below the ceiling, 
the side forms of these members, if buiit into the centering, should be splayed; 
the centering must be equipped with jacks providing for such vertical move- 
ments of the forms as required after each successive use to clear the obstruc- 


tions to form travel. In spite of precautions, the forms around projecting 


beams or ribs often do not come loose easily from the concrete during de- 
centering. Wedges sometimes have to be driven, or jacks inserted, between 
forms and concrete to force separation. Streams of water under pressure 
have been used between concrete and forms and even the insertion of com- 
pressed air has been helpful in forcing separation. 

Arch structures with tension ties cutting across the profile of the form 
centering do not provide great difficulties to the form move. In these cases 
the centering, at tension tie level, is divided into an independent lower and 
an upper section. A screw jack is provided at this level for every post. 
Kach jack is removed and replaced as the post, of which it is a part, clears 
the tension tie during the move. The centering must be properly braced in 
the direction of its travel to permit removal of jacks without excessive de- 
formations. 


DETAILS 


Insulation, when required, is placed either above or below the roof shell. 
Insulation slabs made of loose materials or sheets of organic fibers should 
always be placed on top of the shell; this type of insulation, when placed 
below the roof slab, may become loose, blister, or disintegrate due to con- 
densation. Rigid cork slabs, or insulation composed of cement covered 
fibers, can be placed below the shell and the concrete slab may be placed 
directly thereon. Little, if any, mechanical anchorage is required to fasten 





CONSTRUCTION OF THIN-SHELL STRUCTURES 519 


the insulation to the structural slab placed upon it. This arrangement is 
acoustically beneficial and it brings about a saving in the form decking; 
however, slight difficulties are encountered in the support of the reinforcing 
steel, as standard bar chairs have a tendency to penetrate or settle into the 
insulation. Insulation below the shell becomes expensive when many inserts 
are to be placed in the concrete and openings for them have to be cut through 
the insulation. 

Wood nailing strips are used where top insulation and roofing are to be 
anchored in the steep portion of large roof surfaces. These wood strips, 
usually of the same thickness as the insulation, are nailed into the finished 
surface of the concrete while it is still green. Spacing of the strips is such 
that insulation slabs just fit between the strips and with them form a smooth 
base for the application of the built-up roofing. Roofing felt is applied and 
secured in standard manner; for small steep roof shells it is preferable to run 
the roofing felt in the direction of the roof curvature, as the pull of the roofing 
will then balance over the crown of the roofs and no trouble with sliding will 
be encountered, even where roofing is not nailed to the deck. <A 45 deg 
lightweight concrete cant strip and the usual flashing and reglet is provided 
where the roof deck meets exposed concrete ribs or other vertical surfaces. 

Electrical conduits are embedded in the concrete shell and seldom require 
an increase of its thickness. The heavier conduit runs are brought up through 
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Fig. 21—1562 ft long multiple 
span concrete shell warehouse, 
built in 34 calendar days (1941). 
Note the simplicity of the top 
surface of form travelers 
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the columns, beams and stiffening members, avoiding points of stress con- 
centration. Conduits are placed within the shell with at least 34 in. concrete 


coverage, often near the neutral axis and in the same layer of reinforcing 


with which the conduit is parallel. 
Where a sprinkler system is required, most pipes are carried straight and 
supported along the longitudinal straight lines of the cylindrical shell. 


Occasional headers are welded to polygonal shape and supported along the 
curve of the ceiling. Inserts for sprinklers, or for the support of other light 
loads, do not require special anchorage except for a small distributing rod 
through the hole of the insert within the concrete. The transfer of concen- 
trated crane or monorail loads through roof inserts usually requires additional 
bending reinforcing for the shell; this reinforcing assists in transforming 
the concentrated loads into an area load of such magnitude as the shell can 
safely carry. 
LABOR AND COSTS 

For a large shell-type warehouse structure, the low bidder recently figured 
with the following costs: 

Forming including centering Material and labor less than 30 cents per sq It plan 

“aren. 

feinforcing steel— Material 6 cents per lb; labor 2!% to 3 cents per Ib 
Concrete in place —$18 per cu yd, including plant and equipment, but excluding 
forms, reinforcing steel and accessories 

When concrete was placed recently on a unit of a hangar structure of 165- 
ft span, the placing area covered 9000 sq ft in plan and involved 184 cu yd 
of concrete. Ready-mixed concrete was delivered in 5-cu yd trucks at a 
maximum rate of 35 cu yd per hr, and concrete was hoisted by two cranes. 
The following organization was required to hoist and place the concrete in 
a little over 7 hr or at an average rate of 26 cu yd per hr: 

On the ground—-Two crane operators, two oilers, and two laborers (loading buckets). 

In the form centering—One carpenter (watching and adjusting forms). 

On the roof—Two laborers (signalling the crane operators), two rodmen (including 

one foreman), 14 laborers placing concrete (two of these were used later for wetting 

forms and curing concrete), eight vibrator men, one electrician, 16 cement finishers 

(including one foreman), and two labor foremen. 

The personnel further included Navy inspectors, one surveyor (checking movement 

of the forms), one technician (making tests and taking samples) and two supervisory 

men not on the contractor’s job payroll. 

A labor cost of about $525 resulted when an 8-hr day spent by the con- 
tractor’s crews was multiplied by the applicable labor rates. (This does not 
include the time of the cement finishers.) The total cost divided by the 
vardage is the labor cost for hoisting and placing—$2.85 per cu yd. The 
cost of finishing is about 4 cents per sq ft additional. 

All the observations presented in this paper have been obtained from actual 
experiences in research, design, and construction. The difficult pioneering is 
behind; the idea has become a reality, and a new phase in the field of shell 
construction is ahead. The future should see many more installations, based 


on wider knowledge and the growing appreciation of shell structures 





Title No. 49-36 


Reinforced Concrete Thin Shell Structures’ 


Fig. 1—Single curvature shell roof 

of short barrel type was used in 

the American Aijrlines hangar 
at Chicago, Ill. 


SYNOPSIS 


This paper supplements the report of the American Society of Civil Engi- 
neers’ subcommittee on thin shells by illustrating more fully the possibilities 
of thin shell construction. Examples of completed and proposed structures are 
given and dimensional data are presented in tabular form. Roof structures 
consisting of thin membranes of reinforced concrete, curved in one or more 
directions, are of quite recent origin, but their development has been rapid and 
they offer important possibilities for economical construction where loads are 
principally distributed loads due to dead weight, wind, and snow loading. 


TYPES OF SHELL STRUCTURES 


Shells of double curvature have been built in many forms such as domes 
of circular, elliptical, rectangular, or polygonal plan, conoidal forms provid- 
ing north lights, hyperbolic paraboloids and other special shapes. 

The majority of shell roofs used for industrial buildings, auditoriums, 
halls, hangars, and other large floor areas are of single curvature, consisting 
of either long or short cylindrical barrels. In the latter case, the cylindrical 
shell has a long radius, usually variable because the shell is supported on 
long span arch ribs, rather closely spaced, having parabolic or catenary shaped 
axes. The span of the shell between arch ribs is small compared with the 
span of the supporting ribs. The American Airlines hangar at Chicago, IL., 
(Fig. 1) is an example of this type. Among the first of this type built were 
39 hangars of 197-ft span at Avord and Istres, France, in 1916 and 1917. 
The longest span of this type to date is the 340 ft hangar at Rapid City, 
S. D. Spans of 400 to 500 ft have been calculated and are entirely feasible. 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill, Sept. 12, 1952. Title No. 49-36 is a part of eopy- 
righted JouRNAL OF THE AMBRICAN ConcreETE INnstIruTe, V. 24, No. 6, Feb. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later than 


June 1, 1953 Address 18263 W. MeNichols Rd., Detroit 19, Mich 
{Member American Concrete Institute, Consulting Engineer, Ammann and Whitney, New York, N. Y. 
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Fig. 2—Long barrel type of shell 

roof on a reservoir near Sunder- 

land, England, where the cylin- 
ders were used singly 


Fig. 3—Interior view of drill hall 

where the cylinders of a long 

barrel type roof were used in 
series 


Fig. 4—Exterior view of drill hall 
using long barrel type shell 
construction 


Fig. 5—Shell construction for 
north light roof at a diary 
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In long barrels, the cylinder itself forms the supporting member between 
column lines. The length of the cylinder is usually greater than its radius 
of curvature and chord width. The eylinders may be used singly as in Fig. 2 
(reservoir near Sunderland, England) or in series as in Fig. 3 and 4 (drill hall 
at Deal, Kent, England). The cylinders have stiffeners at the column lines 
and may or may not have edge beams at their lower edges. Recent designs 
are usually of circular sections. 

It is reported that the first barrels of this type were built at the Zeiss works 
in Germany in 1924, another at Neuss in 1925, and the first of long span 
(75 ft) in 1926 at Dusseldorf. These were all constructed by Dyckerhoff 
and Widmann, A. G., who patented this form of barrel as the Z-D system which 
was promoted in Italy, England, and other countries. The maximum recorded 
length of a long barrel is 236 ft. 

In general, the Germans have shown a preference for the long barrel roofs 
and the French for the short barrel. The French have been to the forefront 


in the development of the hyperbolic paraboloid and the conoid types as well 


as the umbrella shell. Shell construction has been widespread in France 
where even the smaller contractors have had experience. 

Many shell structures have been built in Italy, Spain, England, and other 
European countries as well as South America. In England both long and 
short barrel shells have been used. Their use has developed rapidly since the 
war because of restrictions on the use of structural steel, and there are now six 
or seven firms engaged wholly or partially in the design and construction of 
shell roofing 

In the United States, the first shells were also designed according to the 
Z-1) system under license held by Roberts & Schaefer Co. Several years 
ago, to encourage wider use of shell construction, the Subcommittee on Thin 


Fig. 6—Construction of 270-ft 
span hangar in Chicago 


(SME 45 
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Fig. 7—Construction view of 
Onondaga County War Mem- 
orial Auditorium. Note the 
cantilevers supporting the arch 
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Fig. 8 (above)—In the Alabama Livestock 

Colosseum at Montgomery the arches are 

supported on A-frames. Fig. 9 (left)—In- 

terior of livestock colosseum showing seating 
arrangement 


Shell Design was appointed by ASCE. The report of that committee presents 
a theory for the design of cylindrical barrel shells together with general tables 
which greatly simplify application of the design formulas. It also includes 
a brief history of shell construction and a bibliography of the subject. 


Table 1 gives the principal dimensions and description references to many 


of the more important examples of shell construction since its inception 
about 40 years ago. 

Tables 2 and 3 present typical dimensions of long barrel shell roofs of 
various forms which have been prepared for use in England. This is taken 
from the publication “Barrel Vault Roofing,’’ Twisteel Reinforcement, Ltd., 
London, and made available through the courtesy of K. Hajnal-Konyi, 
consulting engineer. The forms shown in Table 2 are representative of those 
most widely used in England. The dimensions are not intended to be re- 
strictive and may be varied widely from those listed. The necessary thick- 
ness of reinforced concrete shell depends largely on buckling strength and 
the practical minimum for properly encasing the reinforcing steel rather than 
on direct unit stresses. The majority of shells now being built in England 
are 2!y in. thick. Fig. 5 shows the north light roof of Hanson’s Dairy, 
Fazakerley, Liverpool. The bays are 48 ft x 26 ft 6 in. with 7 ft high glazing 
and a 2!o in. thick shell. 

A number of short barrel, long-span roofs have been built in the United 
States. Fig. 6 shows the light falsework of two 270-ft span hangars now 
under construction for Trans World Airlines at the Chicago municipal air- 
port. The roof of the Onondaga County War Memorial Auditorium in New 
York, with a span of about 210 ft (Fig. 7) was also constructed on light timber 
moving falsework. The shell arches are supported on cantilevers projecting 
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TABLE 2—TYPICAL DIMENSIONS OF LONG BARREL SHELL ROOFS 


SINGLE TYPICAL SIZES 
BARREL sj HR 


50-0" | 10'-6" | 35-0" 
40-0" | 8'-3" | 35-0" 
30-0" | 6'-0° | 30-0" 
20-0" | 4-4" | 20-0" 






































LARGE SINGLE TYPICAL SIZES 
SPAN WITH CLERES 8 H R 
LIGHTING ie 50'- 0"| 13'-0" 40-0"! 
45'-0"| 11-0" | 40'-0") 
| 40'-0°| 10-6" 35-0"; 
[38-0] 9-0"| 38-01] 2¥6) 
































LARGE SPAN 
MULTIPLE eee Snes 
BARREL : 











50'-0"| 18'-0"| 40-0 





*| 45'-0"| 16'-0"| 35'-0" 
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140'-0" 40'-0"| 14'-0" | 35'-0" 
120-0" 35'-0"| 12'-0" | 30-0" 
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TABLE 3—TYPICAL DIMENSIONS OF LONG BARREL SHELL ROOFS 


SMALL SPAN 
MULTIPLE 
BARREL 


CANTILEVER 
ROOF 


NORTH LIGHT 
ROOFING 


TYPICAL SIZES 





H 





50-0") 10-6" 


35-0" 





45-0" 


8-3" | 35-0" 





35-0" 


6-0" 


30-0" 











25-0" 





4-0" 





20-0" 








TYPICAL SI 


zeEs 








40-0" 


20'-0" 





40-0" 


20'-0* 





37-6" 


20'-0” 











35'-0" 








20'-0" 








TYPICAL ‘SIZES 





H 





40-0" 


16-0" 


40'-0" 





33'-0" 


14’-0" 


40'-0" 





27-0" 


12'- 0" 


35'-0" 








20'-0"* 














10°-0" 


30°-0° 
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Fig. 10—Three types of structural arrangements for auditoriums 
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from vertical piers. This is an economical arrangement since the roof is 
lowered and bending in the piers is reduced because the arch thrust line is 
nearer the base than it would be with the arches spanning directly from the 
tops of the vertical piers. 

In the case of the Alabama Livestock -Colosseum at Montgomery, the 
arches are supported on A-frames (Fig. 8 and 9). This structure provides a 
satisfactory seating arrangement because the majority of the seats are banked 
up under the arches at the sides of the arena. Fig. 10 indicates the last two 
structural arrangements and a third in which the A-frame is reversed with 
the sloping leg following the stands inward. In this case the inner leg is in 
tension and must be anchored down. 

The twin hangar recently completed at Marseilles, France (Fig. 11 and 12) 
is a modified form of the short barrel type in which the shell barrels are 
arched and themselves form arches spanning 100 m without additional arch 


ribs. The arched shell is tied across the full span at the springing with pre- 


stressed steel members. To permit the moving falsework to clear the ties, 
the entire roof was cast on the ground and jacked up 20 m to its final position. 

The possibilities offered by shells of double curvature are almost unlimited. 
In Spain, Eduardo Torroja has designed a number of unusual structures 
including the dome at Algeciras, the cylindrical roof of the Fronton Recoletos, 
and the race course stands at Madrid. 

The dome at Algeciras (Fig. 13) has a diameter of 160 ft and rests on eight 
columns with a prestressed tie around the dome at the column heads. The 
thickness of the shell is 3! in. at the top and 20 in. at the supports. The 


Fig. 11 (below)—For a 
twin hangar at Marseilles, 
France, the entire shell roof 
was cast on the ground and 
then jacked up 20 m to 
its final position. Fig. 12 
(left)}—Shell roof jacked in- 


to final position on hangar 
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Fig. 13—Dome of 160 ft diameter 
at Algeciras, Spain, rests on eight 
columns 


Fig. 16—Construction view of 
dome at West Kenton, Middlesex, 
England 


Fig. 14—Race course stands at 
Madrid, Spain 








Fig. 15—Roof of the Fronton Recoletos in Spain consists of two portions of two cylinders of 
180-ft span 
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Fig. 17—Proposed design of terminal building at St. Louis municipal airport 


racecourse stands at Madrid (Fig. 14) is an unusually imaginative structure 
The roof of the betting hall below the stands is a domed shell and the roof 
itself has curved cantilevered surfaces which are lobes of hyperboloids. Be- 
fore construction of the roof, the falsework unit which was to be used repeatedly 
was used to make a full scale section which was tested to destruction. Failure 
occurred by flexural forces with the entire shell acting as a cantilever beam 
of curved cross section. Transverse strains near the supports were negligible. 
This structure, completed in 1936, was close to the front line during most of 
the Spanish Civil War. All parts, especially the roof, were perforated re- 
peatedly by shelling, but without failure or damage that was not readily 
repaired. The roof of the Fronton Recoletos (Fig. 15) is also an unusual 
structure consisting of portions of two cylinders of 180-ft span. <A portion 
of the surface was replaced with an open trellis to provide light. In this case 
a scale model was tested to check the design calculations 


The dome at West Kenton, Middlesex, England (Fig. 16) is particularly 


interesting because of the method of construction. To conserve falsework, 
one-twelfth of the area was concreted at one time. 


Fig. 18—Design of an auditorium for the Massachusetts Institute of Technology utilizes a domed 
roof in the shape of spherical triangle 
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Some indication that Americans are not too slow in recognizing the possi- 
bilities of shell construction is given by two projects now being designed. 
The terminal building proposed by Hellmuth, Yamasaki, and Leinweber, 
architects, for the St. Louis municipal airport has a 450 x 120 ft concourse 
roofed by pairs of intersecting cylindrical surfaces springing at floor level 
(Fig. 17). 

The auditorium being designed by Eero Saarinen and Associates, archi- 
tects, for Massachusetts Institute of Technology has a domed roof in the 
shape of a spherical triangle resting on its three corners at lobby level (Fig. 


18). It is obvious how well this particular shape fits the space requirements. 


It is hoped that the foregoing examples will inspire designers to much 
greater use of reinforced concrete thin shell construction in the future. 





Title No. 49-37 


Precast Concrete Offers New Possibilities for 
Design of Shell Structures* 


Fig. 1—Hangar near Rome has lamella-type roof composed of precast reinforced concrete 
lattice members with only six supporting buttresses 


SYNOPSIS 


Bold use of precast concrete in construction of various types of shell struc- 
tures offers savings in material and formwork costs, as well as facilitating rapid 
construction. Outstanding examples of thin-shell construction, such as 
hangars, exhibition halls, and even naval vessels, are described. Special 
emphasis is placed on the use of precast elements in arched roofs, proving 
that precast and cast-in-place concrete can be used together, without losing 
the advantages of either. Details are given on the utilization of thin precast 
units in corrugated barrel vault structures. 


INTRODUCTION 


It is only in recent years that thin-shell construction and precasting have 
attained a major place in the building industry and have proved to be com- 
petitive with other building techniques. By combining precasting with shell 
design, even broader avenues of design and construction are opened to the 
architect and engineer. 

Historically, shell construction had its beginning in the great domes and 
arches of antiquity, but the thin reinforced concrete shell membrane of today 
is a «ar cry from the dome of St. Peter’s in Rome and similar construction. 
By the same token, precast concrete is no longer limited to special archi- 
tectural friezes and simple frame members, but has been developed to a 
point where it is competitive with steel and timber, even in many compli- 
cated structural treatments. 

*Based on a paper prepared by the author and presented by Louis P. Corbetta at the ACI Fifth Regional 
Meeting, Chicago, Ill, Sept. 12, 1952. ‘Title No. 49-37 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrere Institute, V. 24, No. 6, Feb. 1953, Proceedings V. 49. Separate prints are available at 50 cents each 
Discussion (copies in triplicate should reach the Institute not later than June 1, 1953 Address 18263 W 


MeNichols Rd., Detroit 19, Mich 


‘Structural Engineer, Rome, Italy 
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Fig. 2a (above, left)—Details of 
hangar elements. The ribs proper, 
consisting of individual precast 
elements, were made as simple 
trusses about 3 ft high and 10 ft 
long. They were joined at their 
intersections by welding the pro- 
jecting reinforcing bars and then 
casting the intersection in place. 
Note that the highly stressed ribs 
were solid, cast-in-place members 


Fig. 2b (above, right)—Finished 
hangar with precast truss-type 
ribs, roof, ee walls in place. 
The roof is supported on the six 
buttresses, not the walls 


Fig.!3 (above)—Molding concrete lattice mem- 

bers in the flat position in a casting yard. 

Note the finished element in the upper left 
corner 


Fig. 4 (left)—Joints ye ono hang meeting 


of the four precast elements en the pre- 

cast members were set in place on the false- 

work, the protruding rods were welded 

electrically and the joint completed by forming 

and then concreting with grout under pressure 
and vibrated 


Fig. 5—Hangar having lamelia- 

reinforced concrete roof. 

The ribs were cast in place with 

standard formwork instead of 
being precast 








PRECAST CONCRETE FOR SHELL STRUCTURES 


There are three major time-consumers in the construction of the more 
complicated shell structures as opposed to other structural systems: design, 
placing of reinforcing steel, and formwork. By making bold use of the tech- 
niques of precast concrete, great savings are possible in both time and material 
as related to reinforcing steel and formwork. 


COMBINING PRECAST AND MONOLITHIC CONCRETE 


To the author’s knowledge, the first important applications of precast 
concrete in Italy were made in 1936 to save material, particularly form 
lumber, most of which is imported. One of the first precast structures de- 
signed by the author (1939) was a hangar near Rome, 366 ft long and 120 
ft wide, with geodetical ribs. Fig. 1 shows the beauty and magnitude of 
this structure, all of cast-in-place and precast concrete construction. This 
lamella-type structure is possible since the arch lends itself to the use of a 
series of small framing members arranged on a diagonal grid and producing 
a continuous arch or barrel vault based on the principle of mutually sup- 
porting members (Fig. 2a and 2b). The whole roof was carried on only six 
supporting buttresses. The hangar was constructed of lattice-type precast 
units (Fig. 3), except in the region of the supports. They were assembled 
by means of a special four-way connecting unit (Fig. 4). 


In 1940-42, the author designed and built several structures of this type. 
Fig. 5 shows a similar structure, 147 ft wide and 366 ft long, which was placed 
monolithically in sections with the use of standard formwork. The roof was 
carried on three sides by regularly spaced buttresses, but on the entrance 
side only three buttresses picked up the load from the arched roof by means 
of a space frame spanning between them. 


It might be noted that in comparing the structures of Fig. 1 and 5, the 
precast roof of the former saved about 30 percent in steel, 35 percent in con- 
crete, and 60 percent in form lumber. 


In precast structures, the most delicate points are the joints where the 
precast elements meet, as it is here that the transmission of stresses between 
adjacent elements must be accomplished successfully. The efficiency of 
the type of joint used in the hangar near Rome (Fig. 4) was tested in the 
laboratory of the Politechnical School of Milano, but the most spectacular 
example of tne efficiency of this joint was demonstrated during World War 
Il. Eight of these precast hangars were demolished with powerful charges 
of explosives placed at the base of the pilasters by the retreating Germans. 
The whole structure slowly set down on the ground like an enormous wire 
cage. In examining the destroyed structures, it was noted that these joints 
fared better than the single elements. However, while this type of joint 
can adequately transmit compression stresses, transmission of tensile stresses 
is limited, due to the difficulty of welding reinforcing rods over a certain 


diameter. For this reason the highly stressed ribs were solid cast-in-place 


members (see Fig. 2a). 
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In construction of the first hangar using precast elements the author could 
not conceal anxiety over the application of a construction method which 
united in a single structure precast elements with other members cast in 
place. He had visions of a static disagreement because of the differences 
in curing and methods of placing, which would influence the values of the 
modulus of elasticity of the concrete. A close check was kept during con- 
crete placement and stripping of forms, with measurements kept to thousandths 
of an inch, but no damage was evident. 

It was evident that plastic flow of the concrete was sufficient to absorb 
these static disagreements and re-establish a complete static balance among 
the various parts of the structure. Observing the deformation curves while 
stripping, the author noted that in statically indeterminate structures, small 
variations in the work produced no noticeable changes in the plasticity of 
the structure and in its static functioning. It would be interesting to analyze 


through experimental tests the way this kind of concrete structure adapts 


itself elastically under first, the action of its own weight, and then under 
loads. A better knowledge of these phenomena would permit greater tech- 
nical and economical progress in the field of precast concrete structures. 


APPLYING PRECASTING TO CURVED SURFACES 


In the last few years the author has applied the theory of precasting to 
curved surfaces with some interesting results. The fundamental concept 
lies in the simple fact that concrete stretches when in the vicinity of metallic 
members, and in the relation between the subdivision and distribution of 
this elastic property to the concrete elements. 

The question arose as to what the results would be in reinforced slabs in 
which the percentage and distribution of reinforcing steel was carried to 
the extreme. This was attained by placing grout between two layers of 
reinforcing mesh. The mesh was made of soft steel with a diameter of 0.02 
to 0.06 in., spaced %4 in. both ways, and weighing 0.13 to 0.33 lb per sq ft. 
The grout was made with a good grade of sand, using about 15 bags of cement 
per cu yd of grout. 

It was possible to fabricate extremely thin slabs which had exceptional 
flexibility and elasticity. Fig. 6 shows a slab about 5% in. thick made with 
12 layers of mesh weighing 0.13 psf per layer. To increase slab thickness 
and its efficient resistance without increasing the reinforcing mesh, spacers 
were placed between the layers of mesh, thus attaining slab thicknesses of 
2'4 to 4 in. In all cases the thickness of the finished slab was little more 
than the thickness of the mesh cages, just enough to cover both faces with a 
thin layer of grout. The material so obtained thus had little in common with 
ordinary reinforced concrete, showing instead all the mechanical characteristics 
of a homogeneous material. 

Two important characteristics were evident from these first experiments: 
(1) the ability to elongate and resist fracture that was acquired by the grout 
acting in conjunction with the extreme subdivision and dispersion of the 
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Fig. 6 (right)—Thin section slab loaded to : 
maximum deflection. It was made by placing rRaRaTa 
grout between layers of reinforcing mesh. 

This %-in. slab used 12 layers of mesh ; ' = 


Fig. 7 (below)—Reinforcement of the motor 

fishing vessel ready to receive its coating of 

concrete, which is ‘“‘plastered" on the rein- 

forcing mesh. Note the simplicity of con- 
struction lines 


Fig. 8 (right)—Cruising ketch built of reinforced 
concrete with a 2 in. (approx.) shell 


Fig. 9 (below)—Precast concrete shell ware- 
house gains rigidity and strength from corru- 
gations of the 1% in. thick walls and roof 





Fig. 10 (above)—Fair building, Milano, Italy, 
used precast corrugated concrete slabs for the 
53 ft wide roof over the central gallery 
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mesh, and (2) the fact that grout can be applied by hand similar to plastering 
and, in so doing, eliminate all formwork while still retaining its shape. These 
two characteristics open up numerous construction possibilities in precast 
shell structures and particularly for small naval vessels. 

In reference to the latter application, studies were made on small motor 
boats with 150-ton displacement, a magnetic minesweeper made in 1943 
by order of the Italian navy, and on other types of naval vessels. Realizing 
the possibilities in the field of small naval vessels, the author built a motor 
sailboat (Fig. 7) which is still in service, and a cruising ketch (Fig. 8). The 
latter vessel is a typical precast shell structure with a thickness of about 
14 in. The reinforced concrete hulls weighed 5 to 10 percent less than similar 
timber vessels and, in Italy, the cost was about 40 percent less than timber 
ships. 

Despite the remarkable achievements in these naval constructions 
giving evidence of economy, speed of construction, elimination of mainte- 
nance, and impermeability of hulls—development of this branch of concrete 
construction has been limited. Perhaps one day the qualities of this system 
will be fully realized, especially for the construction of small vessels with less 
than 1000 tons displacement, because these boats can be built in makeshift 
yards without heavy and costly equipment. 


PRECAST CORRUGATED ELEMENTS 


In the field of building construction, full realization of the value of this 


thin shell precast system was made in the construction of a warehouse by 
Nervi and Bartoli Co. in 1946 (Fig. 9). The walls and roof slabs had a thick- 
ness of about 114 in. and the strength and rigidity of the structure was due 


exclusively to its corrugations or undulations. An alternation of “barrels’’ 
and “inverted barrels,’ which produces a corrugated form, is capable of 
acting both as a beam and a cantilever; any kind of corrugation will increase 
the stiffness of a slab. The corrugated form offers considerable possibilities 
in shell construction since it provides the flow of a continuous element capable 
of wider application than adjacent barrels stiffened at the junctions, and the 
possibility of using flexible formwork. If a corrugated section is arched, 
the stiffness is further increased, producing a shell that is curved in two 
directions. 

Subsequently, in designing the great semicircular building for the fair 
in Milan, Italy (1947), the 53 ft wide roof over the central gallery was 
provided with precast corrugated slabs (Fig. 10). In the last few years, 
the author has designed other projects in which precast concrete not only 
found an interesting and practical application but was also the decisive 
factor from both technical and architectural viewpoints. 

Probably the boldest application of precast concrete was in the Palazzo 
Ksposizioni (Exhibition Palace), Turin, Italy, and specifically in the giant 
corrugated skylight arch roof over the central salon (Fig. 11). The main 
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part of the roof consisted entirely of precast trough-shaped elements (Fig. 
12), with stiffening fins to keep their shape and openings for windows on 
either side. Corrugations were 5 ft 3 in. deep, with valleys spaced at about 
8-ft intervals. The corrugated barrel vault roof was made by combining 
the precast concrete elements with ribs cast in place at the crown and hollow 
of each wave or corrugation. 

Rising 60 ft above the main floor, the arches span 275 ft between cast-in- 
place buttresses (Fig. 13). Buttresses were spaced on about 25-ft centers. 
Each supports three corrugations, a lean-to roof, and a 41 ft wide mezzanine, 
which cantilevers 8 ft out over the main floor. 

The corrugated elements were cast in a simple wood form (Fig. 14), with 
the elimination of the outside form due to the “plastering”? characteristics 
of the concrete. Thickness of concrete was less than 114 in., and a complete 
element weighed about 3000 lb. Mesh and reinforcing bars were left jutting 
from the edges of the shells to serve as connectors when the sections were 
in place on the scaffolding. 

Tubular metal falsework, easily demountable and reusable, supported the 
barrel while it was being assembled (Fig. 15). The roof was assembled a 
quarter at a time with only three moves of falsework; it was not demounted 
at each move, just lowered slightly and shifted. Erection was aided by a 
gantry on rails running with the axis of the roof and a carriage running on 
rails laid transversely. The members were raised to roof height outside 


the structure with a winch and then moved and set in position by manpower, 


After all the elements were in position, the structure was joined together by 
grouting each element with the adjacent one and casting the reinforced 
concrete ribs on the top and bottom of the corrugations (Fig. 16). Erection, 
grouting, and concreting of ribs was done rapidly, with about 30 prefabricated 
elements being placed each day, averaging approximately 3000 sq ft per day. 
With the high strength concrete used, forms were stripped 12 to 15 days 
after concreting. 

It is evident that a structure of this type if built by usual methods would 
have required expensive and time-consuming formwork. The precast system, 
because of its independence from formwork, its light weight, and its resistant 
capacity, furnished a simple and satisfying solution to a complicated problem. 
In addition, without the constructive qualities of the precast system, all the 
architectural-structural conceptions used in the building would have been 
either abandoned or changed radically. This illustrates the close ties between 
architectural dreams and the realities of construction, and the uselessness 
of any structural invention without a corresponding means of realizing it. 


Precasting also aided in solving the complicated construction of the semi- 
cupola or rotunda, with a diameter of about 131 ft, adjacent to the Grand 
Salon of the same fair building (Fig. 17). In this case, the cupola was made 
by uniting diamond shape elements (Fig. 18). The perimeter of these elements 
had a side and bottom flange which, when two elements were placed side 
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Fig. 11—Precast corrugated sky- 
light roof in the central salon, 
Exhibition Palace, Turin, Italy. 
Total span of this roof at the base 
of its supporting buttresses is 315 
ft and the depth of corrugation 
at the crown, about 61 ft above 
the floor, is more than 5 ft 


Fig. 12—Cross section of corru- 

gated precast element. It is 8 ft 

2 in. wide, 5 ft 4 in. high, 15 ft 

long, and about 1% in. thick. 

Ribs are cast in place at the 

crown and hollow of the corru- 
gations 


Fig. 13—The corrugated stressed 

skin roof is canalized onto the 

point support arch ribs at about 

25-ft intervals. Each buttress 

supports three corrugations of the 
arched roof 
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Fig. 14—In casting corrugated members, no 

top form was required. The expense of fabricat- 

ing and handling these members was more than 

paid for by the saving in steel and concrete 

resulting from the use of the strong corrugated 
shape 


Fig. 16—Concreting the cast-in- 
place ribs on top and bottom 
of corrugations 


FOR SHELL STRUCTURES 


Fig. 15—Tubular metal falsework supported 

the corrugated elements while they were being 

assembled. The roof was constructed with 
three moves of the scaffolding 
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by side, created a form for the sides and bottom of a small beam, about 914 
x 6 in. (Fig. 19). A topping of about 1!6 in. was placed monolithically with 
the beam over a layer of mesh. The elements had a thickness of about 34 
in. and were cast in concrete molds. The ribs were left exposed in the interior 
of the dome and gave a startling interior architectural treatment. 


The same method of construction was used for the arch of the pavilion 
in Salon C of the Turin exhibition building (Fig. 20). The thin-shell roof 
over the 210 x 165-ft hall incorporated a vaulted surface 147 x 98 ft in plan. 
It consisted of a diagonal grid of precast trough-like beams carrying precast 
panshaped units between them. The grid formed a vault, which was sup- 
ported 24 ft abcve the floor, on eight arch ribs. Four of these ribs sprang 
from four corner supports near floor level, spaced about 170 ft apart longi- 
tudinally, 120 ft apart transversely. The ribs intersected in pairs at the ends 
of a 50 ft long horizontal ridge beam 66 ft above the floor in the middle of 
the roof. In addition, four other ribs, also springing from the corner supports, 
stiffened and supported the edges of the vault. 

In constructing the roof, the arch ribs were cast and the trough-like grid 
beams placed on the falsework. Then the diamond-shaped pan elements 
were set on the beams, with flanges inserted in the troughs. The various 
components were tied together by placing concrete in the troughs. 

This system, with little modification, can be applied to any surface and 
has been used recently to build the great elliptic arch vault of the bathhouse 
at Chianciano. 

More interesting, however, from a static-constructive point of view, are 
the precast elements around the perimeter of Salon C of the Turin exhibition 
building, which represent still another precast arrangement. The limited 
time permitted for the construction of this pavilion, the necessity for a 
light structure, and the importance of architectural design required a design 
which combined precasting with minimum weight, beautiful esthetic effect, 
insulation, and soundproofing. 


The problem was solved with an undulating or corrugated roof system 


Mn 1 


i mM He i 4 ote eae Fig. 17—Semi-cupola of ap- 


*} — proximately 131 ft diameter used 

Mr be. wre. = precast diamond-shaped _ ele- 

Pion ; ments. Note the startling effect 

attained by leaving ribs exposed 
on interior surface 
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Fig. 18—Diamond-shaped pre- 

cast elements prior to placing of 

roof topping to tie various com- 
ponents together 


Fig. 19—Cross section of joint 

between precast diamond-shaped 

members showing _ interlocking 
beam and roof topping 


(Fig. 21) made of corrugated slabs about 29 ft 6 in. long, 34 in. thick, and 
about 3 ft wide with hooked bars protruding from the sides, which is also 
the top (Fig. 22). These corrugated slabs were placed adjacent to each other 
and on top of them were placed tiles about 1!5 in. thick, which acted as 
bottom forms for the roof topping. The entire structure was bound together 
by 1!.-in. topping reinforced with mesh. The result was a light roof of 
pleasing appearance, well insulated and soundproof. 

With a proper length to width proportion of the undulated slab, it should 
be possible to economically obtain a span of more than 50 ft. It is evident 
that the shape of the profile (sine curve) of an undulated slab has little static 
importance and can be modified to satisfy the architectural design. 


From a straight undulating slab it was easy to design a curved one and go 
from a flat slab to the arch. Fig. 23 shows the salon of the Chianciano bath- 
house built by the author’s company in 1951 and designed by the architectural 


Fig. 20—Diamond method of 
roof construction was also used 
in Salon C of the Turin exhibition 
building. The precast grid fram- 
ing is supported on eight arch 
ribs springing from four supports 
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Fig. 21 (above)—Undulated corrugated roof 
system used in horizontal roof portion of 
Salon C, Turin exhibition building 


Fig. 22° (right)—Casting corrugated roof 
elements. Finished units are shown at left of 
the casting bed 


Fig. 23—Bathhouse salon com- 
bining undulated roof system with 
arch construction 


firm of Loreti and Marchi. The curved undulated slabs have a span of about 
41 ft and were precast and set in the same manner as the straight undulated 
slabs. 


CONCLUSION 


Precast concrete shell construction has found some expression in recent 


years in connection with warehouses, barracks and hangars, but compared 


to the vast building program witnessed in recent years, this type of thin-shell 
has been designed and built only a handful of times. The fact that we can 
build surfaces in concrete of any shape opens a field to shell structures which 
may well represent the development of the most efficient of all methods in 
use today. 





Title No. 49-38 


Design of Prismatic Shells’ 


By HERMANN CRAEMER? 


SYNOPSIS 


Ditferential equations for prismatic shells, based on the deflections of the 
edges, are derived and integrated for several single-span systems ol Various 
cross-sectional types Depending on the cross section and the span, there is 
a gradual transition from a pure shell effect to that of a thin-walled beam. 


INTRODUCTION 


Prismatic shells, also called hipped-plate structures or prismatic thin 
plate structures, were first recommended for use in reinforced concrete in 
1929.'. Many coal bunkers, although generally not computed as such, act 
as prismatic shells; another application is as a roof for hangars and similar 
structures. Compared with cylindrical shells, prismatic shells require simpler 
formwork and are less likely to buckle but, due to their greater bending 
moments, they are heavier and thus less fit to cover extremely large spans. 
An elementary design theory? was published in 1930, and prismatic design 
has also been discussed in the ACI JourNAL.® 

In its simplest form, a prismatic shell consists of several rather thin plates 
intersecting at parallel edges (Fig. 1) and is supported by two or more 
diaphragms which cross normal to the edges. For the problems in this paper, 
no support along the longitudinal edges is considered; complete elasticity 
and an absence of cracks, as well as safety against buckling, will be assumed. 
Usually the diaphragms are so stiff that, under load, the cross-sectional 
shape of the shell remains unchanged at its ends. 


Fig. 1—In its simplest form, a 

prismatic shell consists of several 

thin plates intersecting at parallel 

edges and supported by dia- 

phragms which are normal to the 
edges 
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Moreover, if the depth d of a plate is small relative to the distance a be- 
tween edges, and the span l not too great compared with a, the displacement 
of a plate within its plane (“disk effect’’) is small with respect to that normal 
to it (“slab effect’). Therefore, the edges will remain in their positions. 
Loads acting normal to the plates will then produce bending moments in 


them which can be determined by the three-moment equation. This is the 


basic assumption of the elementary theory. 

If, however, d/a is great, the slab is sensitive to displacements of its edges 
which, in turn, increase with the span l. Thus a complete change in the 
distribution of stresses can take place and, in the limiting case, displacements 
due to the slab effeet vanish compared with those due to the disk effect, 
i.e., the structure behaves like a beam obeying Navier’s plane distribution 
of bending stresses. This will be called “pure beam effect” as a counterpart 
to the “pure shell effect” occurring when the displacements of the edges 
vanish. Several theses were written on this subject in the early thirties 
(Ohlig, Gruning, Gruber) which used potential and Fourier’s series; these, 
however, can be avoided as a closed solution of the problem is possible. 


CONDITIONS OF EQUILIBRIUM 


In the following, no bending stiffness in the longitudinal direction J is 
attributed to the plates. This is justified if //a>2 because usually no con- 
centrated loads occur in structures like these. If a has the same magnitude 
as l, the theory applies only when the transversely carried part of the load 
is inserted. 

In Fig. 2, an element of width dx of the plate a, between its edges k and 
k+1 is shown in plan and elevation with the forces acting on it; the sign 
convention in all figures corresponds to the arrows. Here p,, and py, are 
the normal and tangential components of the load per unit surface which, 
in the integration, will be assumed constant within each plate. At the edges 
there are normal forces n and shear forces ¢ in the plane, shear forces q normal 
to it and bending moments m, all being computed per unit length of an edge. 




















2—Plan and elevation of 
plate element 
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The first subscript in nm and q is the ordinal number of the plate and thie 
second that of the edge; in m and ¢ there is only one subscript 


as m and ¢ 
are the same in two adjoining plates. 


In the long sides a, of the rectangle, 
according to our assumption, there are no forces and moments normal to the 


plate but only a shear Q, a normal force N, and a bending moment .V. 


Now, from equilibrium we find in the plan 
dQ 
dr 
dN, 
dx 
dM). 
dx 


Pu 


(ty 


and from the 


Moreover, by taking two cuts close to an edge (Vig. : 
ny j qi » COL ay Jik COSCE OL, 


Nes » COSCC ay qk cot ay 


GEOMETRICAL CONDITIONS IN LONGITUDINAL DIRECTION 


Due to the moments .W and normal forces N 


. normal stresses o occur in each 
plate. 


Since ais generally small with respect to 1, the foregoing are distributed 
linearly within one plate but not within the cross section of the shell as a 


whole. As a consequence of the geometrical continuity of the structure, 


longitudinal strains on either side of an edge are equal and, if the two ad- 


joining plates have the same modulus of elasticity, the same is true for the 
stresses as shown in perspective in Fig. 4. 


Fig. 3—Forces close to an edge of plate 
element 
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Fig. 4—Perspective sketch of stresses of two 
adjoining plates 


and, by differentiating and using Kq we find two equations 
which can be solved for ¢,; the result 


is 


d 


d, 
th 


By eliminating &, derivating once more for both Q, and 


Qk, We arrive at 


d 
l a ad 


6 ; 
dx 


Pe i T P 
Moreover, if the normal forces occurring in Eq. (7) are expressed by the 
shears q as in Eq. (6) and these by the moments m as in Eq. (5), we obtain 

a ‘| 

+ a (a d ¢ ude t ay d, O.-+ 


ay 
dx? 


6 (pr 


cota 


(cot ay 


with the abbreviations 
P COseCUC a 
U, 
COoOseC 


Vi 


P cot a 
W, , 
a h a 
If, as in the simplified theory,? the moments m are found by Clapeyron’s 
equation, it is easy to integrate Eq. (8) and thus find the bending stresses ¢ 


In the general case, however, we need one more set of differential equations 
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GEOMETRICAL CONDITIONS IN TRANSVERSE DIRECTION 


Under the influence of its bending stresses o, and o;+,, plate a, will dis- 
place by u, in its plane with a positive direction as shown in Fig. 5, whereby 

d? u “-€¢ 

de Ra (10) 
E being Young’s modulus 

As there is also a displacement «4. in the plate before, edge A moves to 
B and displacements wy, , and w,, normal to the plates occur. They are 
geometrically connected by 


Ww; j ily cot a + Wp COSCO? a 


uw ul COsSeCC a + up COL @ 


Thus the line connecting edges k-l and & will rotate by an angle 
(Wy1,) W141) AQ. and the line from k to & + 1 by (iw ; w,,)/ ay. The 


three-moment equation tor nonrigid supports therefore is 


a ay 
(m t 2m t r + t 
( d 


Now, by twice derivating this equation, expressing Ww by was In Kg (11), 
and uw by o as in Eq. (10), we arrive at 


) 


SOLUTION AND BOUNDARY CONDITIONS OF DIFFERENTIAL EQUATIONS 


Differential Hq. (8) and (12) are of a well-known type; they hold for any 
distribution of p along x, but their solution is simpler for the assumed con- 
stance of p. Here the functions defined by Eq. (13) will be used 


Cs ¢ * cos z and Sz e 7? sin z (13) 


These can be obtained by transformation of cosh z cos z, etc., and are more 


suitable as they decrease rapidly with increasing argument The derivatives 
are 

ad? Cz ; d 

2 Sz, Sz 2Ce (14 

dz dz 
and it is easily seen that both are solutions of the differential equation d4z/dct 

$2. ‘Tables for C and S are found in textbooks. In addition, the series 
below can be used. 


Fig. 5—Displacement of plate due to bending 
stresses in transverse direction 
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If, now, the shell as a whole forms a “closed system” such as a prismatic 
tower or a hollow beam with a number of edges equal to n, we obtain two 
sets of n differential equations from which the two n unknown functions o 
and m can be determined. 


Transverse boundary conditions 

In the case of an open cross section such as Fig. 8, Eq. (8) and (12) cannot 
be applied for the first and second edges at either extremity since the terms 
myo and m,., have no meaning for k = 1 as well as m,.2 for k = 2, and the 
same holds for the stresses o. But from the fact that there is no moment 
in the outer edges and that the outer plates act as cantilevers, we get four 


algebraic equations. Further, the bending stresses have to obey the con- 


ditions that (1) there is no normal force in the cross section as a whole, (2) 
and (3) the external and internal moments are the same in two arbitrary 
directions, and (4) the bending planes of external and internal forces coin- 
cide. In case of symmetry, the third and fourth conditions fall away. In 
the asymmetric case, this yields four algebraic equations. Of course, the 
above approach for the o’s can be used also for a closed system. 


If, in turn, a symmetrically shaped and loaded section is repeated a great 
number of times (Fig. 6), *he basic equations can be applied in all edges by 
putting op. os fork i, ete. The geometrical condition that there is no 
lateral displacement and no rotation at edge “1” can be used and will yield 
two algebraical equations; two conditions for the stresses can be found as 
described for the open cross section. 

Longitudinal boundary conditions 

In the general case, four n constants will appear in the solution of Eq. 
(8) and (12). At the intersection with the end diaphragms, the moments 
can be determined easily by the three-moment equation for rigid supports 
and will be denoted by m, 


Mk Mey for x * W4o|-k ee (16) 
Bending stresses will vanish at the ends as multispan and clamped shells 
are not considered here. 


Ok 0 for x = & 16 I; k ~~ % 8 (17) 


- ’ 
Various other boundary conditions, transversely and longitudinally, can 
occur in practice. 


Fig. 6—Structure with symmetrically shaped 
and loaded sections 
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Fig. 7—Diagram showing equilibrium against 
shifting 














. a 
Further relations 
Bending stresses o and moments m are the most important factors in de- 


sign; others, however may be required. From equilibrium against shifting 


! 
in Fig. 7 


Further, we have 


t t (19) 


As the bending stresses are distributed linearly, the shears are parabolical 
and by ty, tim, (+1 the whole diagram is known 
The normal forces n influence to some extent the design of the slab. By 


inserting Eq. (5) into Eq. (6) we find 


cot a COSCO? a 
+ t m 
a 
COseC a COsCU ay 
ay " ay 


Ly (p a COSCE a + Pag Ap COL ay) 
Finally, the following formula can be useful when dealing with pure beam 
effect: 
U, OH) V; oO, + Wy, op, Vio + ( o 0 (21) 
in Which the subscript “b” denotes the beam effect; if can be verified by 
expressing the stresses as a linear function of the cross-sectional coordinates 


in a suitable coordinate system. 


OPEN CROSS SECTION 


In the following, several examples will be examined ‘| he CrOss SeCCTLIOIS 


selected are not meant as a recommendation for design but are chosen so as 
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to make possible an interpretation of the main features of the problem with 
the least arithmetic. A vertical load p per unit surface and constant values 
a, d, and @ will be assumed in all of them. 

In the system in Fig. 8 we have 

Pai Pr 0.3827 p, p, Pa 0.9239 p 

U, 1.414/a?, V2 V 1.828 /a?, W 6.828 a? 

my QO, me 0.1915 pa’, m 0.020 p a 


the last one by three-moment equation. Further, we find 


c _ oF 4 2x? 
0.658 a; + 0.950 l ( 
ad l 
ae PO ter 
0.820 0 0.475 | 
ad l 


If, for k = 3, Hq. (22) up to (25) are inserted into Eq. (8) and (12) and 
symmetry is taken into account, we obtain the basic differential equations 
of the problem. 
oa p a m 
0.405 17.5 
dx? ad ard 


dm; _d ped 2 
2.085 a, + 0.908 | 
dx? a’ a‘ [? 


When Eq. (27) is derivated twice and inserted into Eq. (26), we g 
a® dtm 
a ms + 0.432 pa’ 0 
36.5 d*® dxr* 
or, if the abbreviations are used 
9.13 d? 14 y 
and n A 
a‘ l 
and since dr = dy 


dtm 
t+ 4 (ms + 0.482 p a*) 0 


d n 
The solution reads 
m 0.432 pa? + K, [Cy +C(r n)| + Ko|Sn +S (Ad n)| (30) 


which can easily be verified by carrying out the operations prescribed in 


Kg. (29). As a consequence of the symmetry, only two constants, A, and Ko, 


are necessary; and y and /—y, as well as » and A\—7y are interchangeable. 
If Kg. (30) is inserted into Eq. (27), we arrive at 

8.75 I? : , ; ' 
K,|[Sn+S( n)| K 
a® dr? 


Pe (a sf) 


Fig. 8—Open cross section 
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From the boundary conditions Eq. (16) and (17) we obtain 


K 0.412 pa 


K, = 0.412 pa 
S?.\ 
For an evaluation we first consider the extreme cases. If \ ©, the con- 
stants are Ay 0.412 p a®, AK. = O while the terms in the square brackets 
of Eq. (30) and (31) disappear, for finite y/l. Thus, the values 


Map 0.432 pa 


. pF tr? 
0.435 l 
a d l 


turn out to be those of a pure beam effect. Eq. (83) can also be proved in 
connection with Eq. (21), whereas Eq. (34) can readily be checked by using 
the moment of inertia of the whole cross section (see Fig. 8). Now, ms; appears 
to change suddenly from m;, to my at the supports; this, however, is only a 
consequence of the fictitious value of A. By use of Eq. (28), Eq. (30) can be 
transformed into 


y d 
0.432 + 0.412 C | 1.74 | pa 
L a a 


which tends to ms, with increasing y, as illustrated in Fig. 9 

The other extreme is the pure shell with \ 0, A, 0.206 p as, Ke (). 
If, in Eq. (30) the series in Eq. (15) is applied, we find that m, m3, for any 
value of y and x. A parabolic distribution of o; along x can be proved in 
the same way. These statements correspond to the elementary theory (see 
Fig. 3). 

For intermediate values of A, m, and o; at midspan, 7 14d, are plotted 
in Fig. 10. Moreover, o; and o2 can be obtained from Eq. (25). Now, the 
ratios o)/o, ¢2/o», and o3/o% indicate how much the behavior of the shell 
deviates from that of a thin-walled beam. This is illustrated in Fig. 11 in 
which, besides A}, another characteristic is used. The two characteristics 
are connected by 


0.575 X 36) 


is seen that, in the present system, there is practically a pure shell effect 
OS % < 1,.09:,4 24 ft, d fin., a 12 ft, w 0.33; whereas 


2 7 \g ir 


7 


Fig. 9—Relationship of » and 
m/pa* for open cross section 
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Fig. 10—Relationship of w, \, m;, and o; for open cross section 
the beam effect prevails if w > 3, > 5, eg., l 120 ft, d 5 in., 
w 3.42. 

FLAT CROSS SECTION 


Os 


As a further example, the same cross section as in Fig. 8 but with ay» 
The steps of the calculation 


10 deg instead of 45 deg shall be computed 








Fig. 11—Relationship of w, \, and o o» for open cross section 
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Fig. 12—Relationship of w, \’, and o ‘c, for flat cross section 


are exactly the same, so only the results will be noted. The value \ occur- 


ring in the solution of the differential equation [eompare Eq. (28), (30), and 


(31)] in this case is defined by 
nas oe 
ore 
therefore, w 0.263 
In Fig. 12, the ratios o:/o, 02/6», and o3/o™ for midspan are indicated 
as functions of both \ and w. The range of shell action is about 4 < 1, w 


< 0.25; that of beam action ’ > 5, > 1.5. 


PERIODICAL CROSS SECTION 


As a last example, the section shown in Fig. 8 will be examined for the 
case Where it forms part of a periodical system as shown in Fig. 6. The 
moment at the ends, computed by Clapeyron’s equation or Cross’ method 


is for edge 3.” 
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Fig. 13—Relationship of w, \’’, and o/c, for periodical cross section 


M 49 0.088 p a* 


Moreover, the following relations 


m, = 0.66 ms + 0.0383 p a? 
me 0.83 m 0.128 p a? 


(39) 


can be obtained as an expression of geometrical continuity. Eq. (25) remains 
unchanged as they result from the equilibrium only. Thus, as in the pre- 
ceding examples, only o; and ms; appear in the differential equations. The 
characteristic is in this case 
: d? | 
38.2 


a 

thus w 0.402 Xd’. 7" (41 

In Fig. 13, the terms o/o, for midspan are plotted. Shell effect may be 

assumed if XY <1, w<0.5 and beam effect if \>5, w>2. Moreover, the 

moments m,, ms, m; are related to those, mi., Me., mz, Occurring under pure 

shell effect; the ratios m,/m,, ete., valid for midspan are evaluated in Fig. 
14; m2 by pure chance, is near to zero for large w. 


COMPARISON OF TYPES OF CROSS SECTION 


In Fig. 15 the terms o/o, represented in Fig. 11, 12, and 13 have been drawn 
in solid lines for the open section, dashed for the flat one, and dash-dotted 
for the periodical one; here w has been used as an independent variable since 
it is common in the three systems. As 2 is less important, it has been omitted. 
It is seen that the shell effect deviates most from the beam effect in the flat 
system and least in the periodical one. 

On the other hand, for equal w, 7.e., without consideration of the angles 
and a possible periodicity of the cross section, the tendency to the beam 
effect is greatest in the shallow system and smallest in the open one. 

In the intermediate range, there is neither shell nor beam effect and de- 
viations from either beam or shell action cannot be termed as secondary 
stresses. 

Naturally the above results cannot be generalized without caution, as 
there exist too many different types of cross sections; nevertheless, they do 
indicate the main influences. 
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Fig. 14—Relationship of w, \’’, and mm, for periodical cross section 


DISCUSSION 


As in the majority of all theoretical investigations dealing with highly 
statically indeterminate systems such as plates and shells, a homogeneous 
material obeying Hooke’s law has been assumed. However, due to the 
presence of reinforcing rods and, in the higher stages of loading, the for- 
mation of cracks, reinforced concrete is not homogeneous; moreover, near 
failure, neither of the two materials follows Hooke’s law. To discuss these 
shortcomings exhaustively and thus bridge the gap between theory and 
application would mean unrolling the problematics of reinforced concrete 
design as a whole and, therefore, is beyond the scope of a single article; a 
few points, however, may be mentioned. 

First of all, a distinction should be made between safety against cracks and 
safety against failure. Cracks will form if the tensile stresses occurring in 
the uncracked system exceed the tensile strength of the concrete. Since the 
percentage of reinforcing is small, the’ system is nearly homogeneous; more- 
over, behavior of concrete in the lower stages of loading coincides fairly 
well with the Hookian assumption and that of the steel does completely. 
The safety against cracks, therefore, can be judged with the same accuracy 
as in ordinary reinforced concrete design. 

To determine safety against failure, cracks should be taken into account: 
moreover, to be correct, Hooke’s law should be abandoned in that stage 
although this is not done in standard design methods. This makes possible 
the following procedure. From o, and 6,4; as computed according to this 
paper, the terms 


a’, d, 


V, ~ (a; +1); 
9 


N, ly ay dy (a. + on+)) (42) 


12 
are derived by equilibrium (see Fig. 2 and 4). Using these terms, each disk 
can be examined separately as in ordinary design as described by Winter.* 
As usual, there will be compression either in the whole section, or on one side 
only, or the whole section will have tension; the reinforcement will be placed 
in the edges. 
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Fig. 15—Comparison of types of cross section 


This method, of course, is inconsistent in so far as the values VW, and N, 
in Hq. (42) are to some extent fictitious since there is a redistribution of 
stresses after cracks have formed. As a consequence, the compressive stresses 
when computed in this way for the two plates a,.; and a, adjoining at edge 


k, no longer coincide on either side of the edge, 7.e., the elastic compatibility 


condition in the longitudinal direction is violated. In the case of a pure 


shell effect, the result can be amended by repeating the analysis using # 
0 for the cracked parts? but even in this case the computation is cumbersome. 

Besides the redistribution of stresses due to cracks, there is another one 
due to yielding of the steel and a certain amount of ductility of the concrete 
before failure. In a material with ideal plastic properties, this redistribution 
is always favorable as has been proved in the modern theory of plasticity. 
Therefore, a system designed for safe stresses is safe even if elastic defor- 
mations are not geometrically compatible. 

That the plasticity theory, at least in certain cases, may well be applied 
to reinforced concrete has been proved by the excellent coincidence with 
test results on cross-reinforced slabs. The design procedure described above 
may therefore be recommended until a better approach has been found. 


The desirability of tests to failure is emphasized. 
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Disc. 49-38 


Discussion of a paper by Hermann Craemer: 
. . * * 
Design of Prismatic Shells 
By ROBERT B. McCALLEY, JR., and AUTHOR 


By ROBERT B. McCALLEY, JR.7 


In some cases, maximum shearing stress in the plate of a prismatic shell 
structure could be the governing factor in design. Derivation of a formula 
for maximum shear stress is presented here as a stpplement to Professor 
Craemer’s paper. 

A formula for the maximum shear stress Was given previously by Wintet 
and Pei.' However, A. J. Ashdown? demonstrated that the formula is not 
generally true, but is applicable only to the special case of a plate with the 
same shearing forces on the top and bottom edges. Derivation of the formula 
in this discussion is based on the simple theory of bending and is therefore 
subject to the limitations of that theory 

Consider an element of depth a, thickness d, and length dx with coordinate 
axes and loads as shown in Fig. A. The notations are: 

Q shear force 

V bending moment 

N axial force 

ad cross-sectional ares 
a’ d/12 moment of inertia 
shear stress at top of plate 
shear stress at. bottom of plate 


shear stress at point y 





dy 

















“fp andx 


Fig. A—Element used in derivations ac, dx 
for extreme shear stress b 
*ACT Journnat, Feb. 1953, Proc. V. 49, p. 549. Disc. 49-38 is a part of copyrighted Jounnat o 
Concrete Institute, V. 25, No. 4, Dee. 1953, Part 2, Proceedings V. 49 


tEngineer, Applied Physics Laboratory, Johns Hopkins University, Silver Spring, Md 
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extreme shear stress 
normal y stress at top ol plate 
normal y stress at bottom of plate 
a normal zx stress at point y 
As the result of equilibrium in the x direction 
aN 
d (tr 
or 
while for the y direction 
OW 


or 


d la, 


From the equation of moments about the lower right hand corner of the 
element 
aM aaN 
Ar + 
Or 2 ar 
However, by the well-known equation from the theory of elasticity® 
Oa aor 
+ 0 
Or oy 
and from the simple theory of bending 
\ Vy 
1 / 
By differentiating Eq. (5) and substituting into Eq. (4) 
Or 1aN y OM 
oY 1 Ox / or 
Substituting Eq. (1) and (3), this becomes 
OT d 


(tt 
OY j 


Upon integrating this equation from 1, d to y, it is found that 


d | y? d? 
(Tr: r,) (y + loa) Q 154A (r_ + 7») 
1 : | 2 S 


T rT, al y loa 


The extreme shear stress, either a maximum or a minimum, occurs within 


the depth of the plate if 


OT 
0 tor 
OY 


In case this does not occur, the extreme shear stress occurs either at the 


top or bottom of the plate. Substituting Eq. (9) into Eq. (7), it is found 


that the extreme shear stress occurs at 
2 Id (rn T+) 
QA A? (rm, + 1m) 


(10) 


With this value of y introduced into Eq. (8), the formula for the extreme shear 


stress Is 
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3Q (re + 7») (r: ™m)"| Q (rz 
2A 4 24 A 


It is apparent that the equation for the maximum shear stress in a rec- 
tangular beam, and the equation given by Winter and Pei, are both special 
cases of Eq. (11). The difficulty caused by the denominator of the third 
term of Eq. U1) approaching zero is more apparent than real. From a re- 
check of Eq. (10), it is seen that this can occur only as the location of the 
extreme stress approaches infinity, which places it outside of the plate limits. 
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AUTHOR'S CLOSURE 


Mr. MeCalley’s discussion is an interesting supplement to the paper. 
It should not be overlooked, however, that in the author’s analysis shear 
() is not directly known, and that Eq. (4) in Mr. MeCalley’s discussion has 
nothing to do with elasticity or any other stress-strain law but rather is 
based on equilibrium. As plasticity becomes a factor in this type of analysis, 
due consideration should be given to permanent deformations in applying 
the equations presented in the discussion. 
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Precast Concrete in Highway Bridge Construction’® 


By E. L. ERICKSON? 


SYNOPSIS 


Precasting of reinforced concrete highway bridges has developed in some 
areas of the United States to a point where it has been demonstrated quite 
conclusively that the method has definite advantages in many instances over 
conventional cast-in-place construction and structural steel. 

Systems which have been used in the past and those which are in use today 
are described. References to specific jobs show the possibilities of precast 
bridge construction especially as applied to short span highway structures. 
Attention is called to the need for standardization so that bridge members 
of precast concrete can be manufactured in factories on a commercial basis 
if maximum economy is to be obtained. 


HISTORY OF PRECASTING 


As we delve into the history of reinforced concrete construction it is of 
interest that up to 1894 the attempts to design and build reinforced concrete 
beams were considered to be of a purely experimental character. It is believed 
that the first reinforced concrete girder bridge was built by Hennebique as 
an approach to a mill at Don, France, in 1893. By 1904 reinforced concrete 
girder bridges had been built in Europe having spans of 85 and 71 ft re- 
spectively. In this early work a number of the writers of the period call 
attention to the advantages of precasting. 

Precast reinforced concrete piling has been in use since about 1900. Such 
piles were first used in place of timber piles in Holland and England. Since 
that time they have been used extensively in foundation construction. The 
precast concrete pile has for the past 30 years been popular among highway 
bridge engineers and has been used successfully and economically in lengths 
in excess of 90 ft. Precast concrete cribbing has been used since the 1890's 
and is used extensively in present-day highway construction. Precast floor 
sections have been used to good advantage especially in cases where it has 
been necessary to replace the deck of a bridge under traffic. Precast concrete 
pipe culverts in sizes up to 10 ft represent the widest use of the precasting 
method in highway construction. Through standardization of strength re- 
quirements, fabrication methods, and pipe sizes, manufacture on a commercial 
basis has been possible with the result that a great industry has been developed. 

The desirability of using precast bridge units (Fig. 1) instead of conventional 

*Presented at the ACI Fifth Regional Meeting, Chicago, Ill., Sept. 12, 1952. Title No. 49-39 is a part of copy- 
righted JOURNAL OF THE AMERICAN Concrete Institute, V. 24, No. 6, Feb. 1953, Proceedings V. 49. Separate 
prints are available at 35 cents each. Diseussion (copies in triplicate) should reach the Institute not later thar 


June 1, 1953. Address 18263 W. MecNichols Rd., Detroit 19, Mich 
tChief, Bridge Branch, Bureau of Public Roads, Washington, D. C 
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cast-in-place concrete construction is largely a matter of economics. The 
type of job, its location, and the condition of the labor and material markets 
will largely influence the choice. 


It is not difficult to point out specific jobs where precasting of bridge elements 
has proved advantageous. For instance, we can point to the San Mateo 
bridge over South San Francisco Bay (Fig. 2 and 3), probably the longest 
highway bridge in the world, which was built in the 1920’s and contains 
1054 precast girder spans at 30 ft and 116 at 35 ft. More recent was the 
construction of the Brunswick-St. Simons Causeway in Georgia completed 
in 1950. The causeway has five bridges having a total length of one mile. 
This construction cost $2,500,000 and has created wide interest because of 
the precast concrete deck placed on the long trestles. Under construction 
at the present time is still another spectacular precast bridge job, the Tampa 
Bay bridge at St. Petersburg, Fla. Here precast beams with a cast-in-place 
deck are being used and furthermore these precast beams are being prestressed. 


CLASSIFICATION OF PRECAST SYSTEMS 


Precasting of bridge superstructures can be divided into two general 
classifications or systems. The first consists principally of precast units com- 
plete in themselves, which, when placed or assembled constitute a complete 
span. This includes such arrangements as combining precast beams with 
precast floor panels, which when assembled are knit together with concrete 
to form an integral structure as illustrated in the Baker River bridge in the 


state of Washington and the hollow girders now being used by the Pennsyl- 


vania Highway Department. In the latter case the members are placed 
tightly together and tied transversely with steel rods. The spaces between 
members are filled with cement mortar. 





Cross Srcnod 


Fig. 1—Details for low cost precast concrete bridges with maximum span lengths of 25 ft and 
designed for H-15 loading 
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Fig. 2—Details of concrete trestle, San Mateo bridge over San Francisco Bay 


The second system consists of precast beams or stringers combined with 


cast-in-place floor slabs, thus resulting in T-beam construction. This system 


was used to excellent advantage in the construction of the Turnagain Arm 
project constructed by the Bureau of Public Roads in Alaska. This system 
has great possibilities in the opinion of the author, since it lends itself to the 
manufacture of standard bridge beams in spans up to 40 or 50 ft with weight 
sufficiently low to permit them to be readily transported and handled with 
standard equipment. ‘This is especially true if beams are prestressed which 
permits beam weights to be reduced to about one-half that of conventional 
reinforced concrete. 

To go a little further into the details of these developments we have first 
the Baker River bridge on the Baker River Road in the state of Washington 
with its precast beams and floor slab units constructed in 1949 by contract 
under supervision of the Bureau of Public Roads; the design was made by 
that agency. 

The bridge consists of eight 25-ft reinforced concrete beam spans supported 
by treated timber piles. The roadway width is 26 ft. Stringers and floor 
panels were precast separately and knit together with concrete. The bridge 
was designed for H20-S16 live loading and in accordance with specifications 
for highway bridges of the American Assn. of State Highway Officials. 

Slab units were designed as simple spans for both dead and live loads. 
To distribute wheel loads at the ends of the slab units the edges are thickened 
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Fig. 3—Method of handling 
precast concrete span units 


and, to make the slabs act in unison under live load, a transverse shear key 
is provided. 

Beams were designed as simple rectangular beams for dead load and as 
T-beams for live load. Shear keys are provided as is customary when slabs 
are placed separately from the stems in T-beam construction. The stringers 
are 10 x 24 in., 25 ft long. The typical slab panel is 8 ft 4 in. x 4 ft 2 in., 
6 in. thick. 

The precast stringers and slab panels were manufactured at Burlington, 
Wash., 50 miles from the bridge site. The manufacturing site was selected 
to take advantage of labor supply and a transit-mix concrete plant. These 
factors are important with respect to cost and outweigh handling expense. 
Forms were lined with plywood. Good aggregates were available in the 
vicinity and 4000 psi concrete strength was obtained in 28 days with a cement 
content of 615 bags per cu yd. The concrete was vibrated; curing was done 
by ordinary methods. The beams weighed 6300 lb each and the maximum 
weight of a slab panel was 3100 lb. The precast panels were handled readily 
with a towing truck. The concrete beams were placed in the bridge by a 
pile driver equipped with a swinging boom. After placement of the beams, 
diaphragms between beams were formed and concreted. Slab panels were 
then placed. At this stage an 8-ton truck, gross load, was allowed on the 
deck of the span under construction for the placing of the precast slab units. 

Precasting was done accurately and most of the slabs had uniform bearing 
on the beams. Slight irregularities in bearing resulting from inaccuracies in 
casting did not prove troublesome as the small openings were filled when 
concrete was placed between slab units to knit the structure together. When 


completed the floor had a smooth riding surface, comparable to that on many 


cast-in-place bridges. A workable tolerance for precast members of the size 
used on this project approximated 1 in. 
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The actual time required for the erection of the deck after delivery of 
the precast units was: 

Placing of beams 1 days 

Forming and placing concrete diaphragms 4 days 

Placing deck slabs 1 days 

Forming and placing curbs, concreting and grouting joints t days 

Precasting of the Baker River bridge proved satisfactory, and the con- 
struction demonstrated that stringers and slabs could be cast with sufficient 
precision to permit their being assembled and knit together with concrete 
and grout. 

Use of hollow girders by the Pennsylvania Highway Department is another 
example of simplicity of construction. As an illustration we will take the 
five-span bridge at Gleniron in Union county (Fig. 4). 

The clear span lengths were about 50 ft. Individual members were manu- 
factured in 53-ft lengths, 36 in. wide and 33 in. deep and hollow. Each mem- 
ber weighed about 20 tons. The girders were prestressed (pre-tensioned), 
The bridge has a 24-ft roadway and is designed for AASHO H-20 loading. 

The 45 members required were manufactured at Pottstown; 36 were shipped 
by rail to Gleniron, a distance of more than 100 miles, unloaded and trans- 
ported to the bridge site a quarter of a mile away by truck (Fig. 5), and 
nine were shipped direct from the plant to the bridge site by trailer truck. 
The 20-ton members were placed in the structure with a crane operating on 
the ground alongside the bridge (Fig. 6 and 7). The work was accomplished 


by a crew of eight men including the crane operator in seven days. This 


included unloading from railway cars, loading on trailer trucks, placement of 
the members, bolting and grouting to make the complete structure. 

Kxamples of the second system, 7.e., the use of precast beams in combi- 
nation with a cast-in-place deck, are present in the Turnagain Arm project 
on the Seward-Anchorage Highway in Alaska. There were a number of 
trestles on this project aggregating 180 spans of 25 ft length, or a total of 
1500 linear ft. The substructure, piles and caps were of creosoted timber. 
The roadway width was 24 ft and design loading H15-S12. 

The precast stringers were 8 x 20 in. and each stringer weighed only 5000 
lb. This low weight lent itself to ease in handling and placing with ordinary 
construction equipment. The roadway slab was 6 in. thick including 1 in. 
monolithic wearing surface. Stringers were cast at a central plant and the 
maximum number cast in one day was 40. The total number required was 
1080. They were steam cured and handled in three days. The stringers 
were placed with truck cranes operating on construction trestles or on the 
ground alongside the construction. 

Use of precast stringers proved satisfactory and economical on this project. 
The construction being simple, no difficulties in building the structure were 
encountered. It is interesting to note that despite the large number of pre- 
cast members used, none were damaged during handling and placing. Cost 
of the completed trestles was little more than for treated timber stringers 
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Fig. 4—Five-span precast con- 
crete bridge in Union County, Pa. 


Fig. 5—Transporting 53 ft long 
precast bridge units by trailer- 
truck 


Fig. 6—Unloading 20-ton pre- 
cast member from trailer-truck for 
direct placement on bridge 
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Fig. 7—Placing 36 x 33-in. 
hollow precast prestressed gir- 
ders in bridge 


with concrete deck as was determined by alternate bids received for the 
project. The trestles were designed by the Bureau of Publie Roads and con- 
structed by contract under its supervision. 

Numerous structures have been built utilizing many variations of precast- 
ing. It is believed, however, that the examples cited illustrate methods in 
general use at the present time. 

In a discussion such as this it would be remiss not to mention the de- 
velopments by the railway companies of this country in the precast bridge 
field. For the past 40 vears our railways have been building precast bridge 
units largely to take advantage of the speedy construction and reduced 
interference with traffic made possible by this type of work as compared with 
normal cast-in-place concrete construction. Most of these structures have 
been of the slab type in spans 14 to 20 ft long. A typical single track strue- 
ture provides for a ballasted or ballastless deck and is made up of two slabs, 
each having an over-all width of about 615 ft. Such units for a 20-ft span 
weigh about 20 tons. 

Recent tests on such bridges, conducted by the Assn. of American Rail- 
ways, have afforded an opportunity to measure and compare the static and 


dynamic effects produced by the passage of diesel and steam locomotives over 


the same spans at various speeds. Although the tests made are probably 


not sufficient in number that general conclusions as to the behavior of con- 
crete bridges under railway loadings should be drawn from them, certain 
trends have been brought out which are worth noting. Among the points 
brought out by these tests are: 
1. Concrete and reinforcing bars act as a composite section with the concrete carry- 
ing part of the tensile stresses 
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2. Concrete curbs act as part of the section. 
3. Stresses in the reinforcing bars are much less than those calculated according to 

AREA design specifications. 

4. Impact stresses are appreciably smaller than those determined according to 

AREA design rules. 

Studies now contemplated by the Highway Research Board include the 
testing of reinforced concrete highway bridges, and it is hoped that data 
sufficiently conclusive will be obtained to establish more accurate and 
realistic design criteria than now is accepted by specification writing bodies. 


CONCLUSION 


Use of precast concrete sections for highway bridge construction is prin- 
cipally. a question of economics. The question is often asked: “If precast- 
ing of highway bridges has so many advantages, why is it not used more 
in highway construction?” The answer is quite simple, it usually costs more. 
Most of the precasting for highway bridges has been on an individual job 
basis, the work being done by the contractor at or near the bridge site. Thus, 
the cost of plant set-up and training of personnel for an efficient operation 
on small work is expensive and actually by the time the “‘bugs’’ have worked 
out of the manufacturing and placing operations the job is finished and the 
next job presents new problems. Also unfamiliarity and inexperience of 
contractors with precast bridge construction contribute to high cost. 

If the precasting of highway bridge structures is to become competitive 
for the general run of work, it will be necessary to establish standard sections 
which can be manufactured in concrete products plants where the economies 
of a factory operation can be obtained, as has been done in the case of con- 
crete pipe. Such sections must necessarily be developed with a view to trans- 
port and handling. Developments in the field of precasting now being made 
in this country, particularly through the use of lighter sections designed on 
the basis of prestressing, should widen the precasting field with regard to 
bridges. Certainly, it is a challenge to engineers, contractors, and the con- 
crete products industry. 

Advantages of standardized precast members in bridge construction may 
be summarized as follows: 

1. Savings in forms, falsework, and placing of concrete 
Elimination of a large amount of “on the job labor’ 


Facilitates maintenance of traffic 


9 
3. Speed of construction 
}. 


5. Factory operation permits close control of concrete mixture, placing, and curing 

. to obtain a better and more durable construction. 

It does not follow that precast concrete bridge members are intended to 
replace all structural steel or cast-in-place concrete in construction of short 
and moderate span type highway bridges. However, there is no reason why 
it should not become a competitive material, especially with the advent of 
prestressing. Precasting, as with other means of construction available to 
engineers, should be dictated on the basis of sound engineering judgment 
and economy. 
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Ultimate Strength and Cracking Resistance of Lightly 
Reinforced Beams" 


By S. D. LASHt 


SYNOPSIS 


The ultimate strength of beams reinforced with | percent or less of inter- 
mediate grade steel is somewhat greater than that indicated by either the 
plastic or conventional theories. This is because the theories neglect the 
effect of concrete in tension below the neutral axis. The excess is not great 
except for beams made with high strength concrete and small amounts of 
steel. 

Cracking resistance of lightly reinforced beams depends upon the strength 
of the concrete and the amount of reinforcement. The tensile modulus ot 
rupture of the concrete is increased significantly by the presence of reinforce- 
ment. 

Deflection of a beam at yield of steel is independent of the amount of steel, 
provided the ratio of reinforcement is 0.7 percent or more. Below this limit 
the deflection diminishes and may be quite small. 


INTRODUCTION 


In an earlier paper! a number of ultimate load tests on reinforced concrete 
beams were described and it was shown that results could be explained 
satisfactorily on the basis of a simple plastic theory. The tests reported 
included beams having steel ratios varying from 1.10 to 4.75 percent. The 
present paper reports the results of tests of beams having less than 1.20 
percent of reinforcement. Like the previous paper, this contribution is a 
modest attempt to re-assess some of the basic theories of reinforced concrete 
design. A trend toward recognition of plastic theories in official regulations 
indicates that finality in the design of reinforced concrete beams was not 
achieved by the first Joint Committee Report of 1916. 

Lightly reinforced beams and slabs occur frequently in buildings, water- 
retaining structures and pavements. The amount of reinforcement may be 
relatively small for various reasons. For example, dimensions of members 
may be fixed py architectural considerations, bending moments to be resisted 
may be small and uncertain, it may be felt that shrinkage cracking is less 
likely in lightly reinforced slabs, or it may be desired to economize as much 
as possible in the use of reinforcing steel. Thus it is important to be able 
to calculate the ultimate moment of resistance of such members. In addition 
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it is frequently desirable to estimate the bending moment at which cracking 
is likely to occur. 

A number of European investigators, including Guerrin,?* Bjuggren,‘ 
and Loupman® have claimed that concrete in tensior contributes signifi- 
cantly to the ultimate strength of lightly reinforced beams and official recog- 
nition of such contribution is given in the Russian building regulations. 
On the other hand there are many who agree with Hognestad that “such 
increases in ultimate flexural strength as may be due to the concrete carrying 
longitudinal tension are generally small and are further unreliable for practical 
purposes.’’® The tests described in this paper were intended to provide 
evidence on this point. 


TEST SPECIMEN AND PROCEDURE 


Test specimens were approximately 5.80 in. wide, 5.25 in. deep, and 7 ft 
6 in. long. All reinforcement consisted of 4-in. diameter plain round bars 
having a well defined yield point at about 43 ksi. The cross-sectional area 
of the individual bars and their yield points were determined for each specimen. 
A typical stress-strain curve is shown in Fig. 1. 

Two grades of concrete were used. Mix A had a strength of about 2000 
psi at 7 days and consisted of normal portland cement, crushed limestone 
(1 in. to No. 4), and sand. Mix B had a strength of about 4000 psi at 7 days 
and consisted of the same aggregates as Mix A but with high early strength 
portland cement. The beams were cast upside down, which facilitated 
placing the steel and meant that the concrete on the compression face was 
placed against the steel base plate of the form. 

A special testing machine (Fig. 2) was built for testing the beams. This 
consisted of two concentric aluminum tanks suspended from the beams. 
Loading was accomplished by filling the tanks with water. The weight of 
water was determined from its depth as indicated by gage glasses, the tanks 
having previously been calibrated by filling them on platform scales. A 
testing machine of this type is somewhat cumbersome and is greatly limited 
in capacity but it has the advantage that a constant rate of loading can be 
maintained right up to the end of the test. 
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7 Fig. 1—Typical stress-strain curve 
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ig. 2—Dead weight testing ma- 
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Specimens were tested when 7 days old. Testing procedure was to apply 
an increasing load until failure resulted, taking observations of deflection, 
steel strain, and concrete strain. Loading was stopped when the beam failed 
or was at the point of incipient failure. In some instances, failure occurred 
almost simultaneously with yield of steel. Such failures were quite definite 
and occurred with little warning. More commonly, failure occurred at a load 
somewhat greater than that causing yield of steel. Evidence of incipient 
failure was either (a) a sudden increase in the rate of change of deflection or 
(b) signs of crushing of the concrete on the compression side of the beam. Ex- 
perience has shown that under either of these conditions complete collapse 
will occur without the addition of further load. The rate of loading was such 
that a complete test occupied about 30 min. 


TEST RESULTS 
Test results are summarized in Table 1 and Fig. 3 and 4. A typieal de- 
flection graph is shown in Fig. 5. 
In Fig. 3 and 4 test results are compared with results calculated (a) accord- 
ing to the conventional theory, (b) according to the plastic theory. Most 
plastic theories lead to the equation 


M Phy 
— = pfy| l —a x 


where a is a coefficient whose value depends upon the assumed stress distri- 


bution in the concrete above the neutral axis at failure, and the other symbols 


have their usual meanings. The coefficient may also be assumed to include 
any factor applied to f.’.. For example, Whitney’ replaces f.’ by O.85f.’. 
Actual values of @ vary from 0.5 (for a rectangular stress block) to 0.67 (for 
a triangular stress block). 

From Fig. 3 and 4 it is evident that it makes little difference whether a 
is taken as 0.5 or 0.67, although the former is slightly preferable; also the 
plastic theory gives results closer to the facts than the conventional theory 
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TABLE 1—DETAILS OF BEAMS AND THEIR ULTIMATE MOMENTSJOF RESISTANCE 


Over-all . Mu, 
No. of " R depth P, = Sy; Ult. BM | Mu bd2 
\Y-in. ’ . d', percent | s Vu, 


| bd2 corrected, * 
bars in. 


kip-in psi psi 


Beams with 2000-psi concrete 
5.15 | 2000 
5, 30 0.180 2100 
5.30 0.370 2000 
5.32 0.543 2000 
5.32 0.760 1900 
5.25 0.945 1900 
5.20 | 1.15 | 1900 


Beams with 4000-psi con 


4260 
0.190 3800 
0.382 3800 


| 2 ) 
Bl 5 y 7) 
> Y 5 

5.3 0.546 3800 
5 
) 


B2 5 
B3 < 5 
B4 5 
B 5 5 
B6 5 


0.730 4000 
0 SSS 3800 


63 1.32 | 4200 


*Corrected to fy 42 ksi. 


It is further evident that the relationship 1 /bd? = pf, fits the results better 
than either of the other theories. 

The observed results are in all instances greater than is indicated by theories 
neglecting tension and show that there is a definite, though small, contri- 
bution to the ultimate strength from the concrete below the neutral axis. 
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‘4 Fig. 3—Test results using 2000- 
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Fig. 4—Test results using 4000- 
psi concrete 
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If results for p less than 0.3 percent are neglected, the average ratio of ob- 
served moment to that calculated by the plastic theory, assuming a 0.5. 
is 1.11 for beams with 2000-psi concrete and 1.05 for beams with 4000-psi 
concrete. For small amounts of reinforcing there is, of course, a more sub- 
stantial difference. At 0.2 percent reinforcement with 4000-psi concrete 
the corresponding ratio is 1.46. Loupman® claims that a great many 
hydraulic structures can be economically designed in this range. 

It may be concluded that in beams of the usual proportions the contri- 
bution to ultimate strength made by concrete in tension is of the order of 
5-10 percent. This contribution may be much greater in beams or slabs of 
unusual proportions, such as slabs in which reinforcement is placed at mid- 
depth rather than close to the bottom. 

The exact manner’ in which concrete in tension contributes to the strength 
of the beam is not quite certain. It seems likely that the tensile concrete 
delays the yielding of the reinforcement. However, once the reinforcement 
has yielded, cracks extend above the calculated position of the neutral axis 
of the beam and when this happens the effect of concrete in tension must 
be negligible. The deflection at incipient failure is normally about three 
times the deflection at yield. Nevertheless, failure of the beams is usually 
gradual, suggesting that there is no sudden loss in strength when the con- 
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Fig. 5—Typical load-deflection graph 
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crete cracks so extensively. This is probably because the steel stretches 
so much in the vicinity of the crack as to bring it on the rising portion of the 
stress-strain curve. It may be argued that if this is true, the ultimate strength 
of the beam is determined solely by the characteristics of the steel and not 
at all by the tensile concrete. There is weight in this argument, but it must 
be remembered that failure is always initiated by yield of steel and that this 
is almost certainly influenced by the tensile concrete. 

In practice, deformed bars are now used more frequently than plain bars. 
They were not used in the test beams because with the smallest size of de- 
formed bar available (#3) the test beams would have been twice as large as 
those used and facilities for handling and testing such beams were lacking. 
Isolated tests with beams using deformed bars have shown that the ultimate 
moments of resistance are slightly greater than for beams reinforced with an 
equivalent amount of plain bars. 


DEFLECTION 


The approximate relation between percentage of reinforcement and de- 
flection at yield of reinforcement is shown in Fig. 6. It will be noticed that 
for a given concrete strength the deflection is not influenced by the amount 
of steel provided that this is 0.7 percent or more. The deflection at yield 
diminishes somewhat with smaller amounts of steel and is small when the 
contribution made by the tensile concrete is comparatively large. Thus 
lightly reinforced beams are relatively brittle. 


CRACKING LOADS 


Cracking in a reinforced concrete beam is generally undesirable (a) if it 
permits leakage of water, (b) if there is danger of corrosion of reinforcement, 
(c) if it is desired to limit deflections as much as possible. 

Cracking loads can be determined experimentally by direct observation 
or by deduction from a deflection graph. As cracks are difficult to see when 
they first occur, the method of deduction from a deflection graph is probably 
to be preferred. 

Examination of a typical graph such as that shown in Fig. 5 reveals four 
distinct stages. From O to A the beam is behaving elastically; from A to 
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B there is inelastic extension or yield of the concrete until at a load near B 
the concrete cracks. From B to C cracks are extending and additional cracks 
are being formed; from C onward the steel is yielding and failure of the beam 
is approaching more or less rapidly.* Experience has shown that observed 
cracks do not occur at loads less than B and there is frequently a corre- 
pondence between this point and observed cracking. It seems reasonable, 
therefore, to take B as the cracking load. Cracking loads determined in 
this manner are given in Table 2. 

Table 2 also gives calculated values of tensile stress in the concrete deter- 
mined from the usual flexural formula considering the whole transformed 
section to be effective. This will be referred to as the tensile modulus of 
rupture. The steel was exposed for a distance of about 2 in. at the centerline 
of the beam to permit the use of Huggenberger extensometers. The tensile 
modulus of rupture has been calculated on the basis of this reduced section, 


*The author is indebted to the Netherlands organization T.N.O. at Delft for a report (BI-8-2-25) in which 
this matter is discussed in detail. 


TABLE 2—MOMENTS AT WHICH CRACKS FIRST OCCURRED 


No. of P, BM at first Ult. BM VM. lensile 
M4-in, } percent crack Me, Mu, : modulus of 
bars kip-in, kip-in rupture, psi 


Beams with 2000-psi concrete 


5 5 
10.4 
20.1 
29.2 
37.0 
44.6 
10.8 


Beams with 4000-psi concrete 


6.70 516 
Bl 5 12.5 680 
B2 3.6 19.1 7 70 
B3 ; 20 4 r S20) 
B4 5 37.3 2 SOO 
B5 5 16.6 1080 
B6 6 2 2 m9 } 1040 


*Beams 2.9 in. wide. 
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but it should be pointed out that in several instances the first cracks to be 
observed occurred under loads at the third-points of the span and not at the 
centerline. 


Table 2 shows clearly that the tensile modulus of rupture is a function of 


the amount of reinforcement as well as the strength of the concrete. For 
2000-psi concrete the tensile modulus of rupture varies from 432 psi with no 
reinforcement to 960 psi with 1.15 percent reinforcement. For 4000-psi 
concrete the range is from 502 psi to 1040 psi. This same result may be ex- 
pressed differently by saying that the extensibility of concrete is a function 
of the amount that it is reinforced. This is no sense a new discovery; it was 
first pointed out by Considére in 1898 as the following quotation® will show, 
but it does appear to have been overlooked in recent years. 
“Concrete sufficiently reinforced by iron or steel can, without cracking or disinte- 
grating, sustain elongations much higher than those observed in ordinary tension tests 
“Engineers who have studied the subject have encountered the two apparently 
contradictory facts that mortar and concrete of the usual proportion break in tension 
with elongations below one ten-thousandth of the length, and that in reinforced con- 
crete beams which have sustained on their tension sides elongations up to one thousandth 

of the measured length, no cracks are observed.” 

Allowable tensile stresses are commonly used in the design of pavements 
and water-retaining structures; in neither instance does it appear to be usual 
to recognize that ultimate stress is greatly influenced by the amount of rein- 
forcement. 

The other factor influencing the tensile modulus of rupture is the com- 
pressive strength of concrete. Most specifications assume that tensile strength 
is a simple proportion of compressive strength. Present results confirm the 
view that this is not so. The figures are insufficient for any definite conclu- 
sions but the proposal made by Guerrin of assuming the tensile strength 
to vary with the square root of the compressive strength seems not unreason- 
able. 


RATIO OF CRACKING LOAD TO ULTIMATE LOAD 


Table 2 shows that for a given grade of steel the ratio of cracking load to 
ultimate load is approximately 0.42 and is the same for both grades of con- 
crete. This means that a design method giving a factor of safety of two 
against failure is not likely to give any assurance against cracking at working 
loads. Conversely, a factor of safety of three against failure (or a working 
stress of about 14,000 psi for structural grade steel) gives a factor of safety 
against cracking at working loads of about 1.25. When the percentage of 
reinforcement is small, the cracking load is relatively large and consequently 
it is possible to arrive at various combinations of factors of safety against 
cracking and failure by proper selection of concrete strength and amount of 
reinforcement. This will be facilitated by a diagram similar to that shown in 
Fig. 7. 

It may be objected that the above conclusions are liable to be incorrect 
as a consequence of the effects of shrinkage and plastic flow. Evidence on 
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these points is not available. The beams reported in Table 1 were all tested 
in a more or less dry condition. The following results (of a separate series 
of tests) indicates that the condition of the beam at the time of test does not 
significantly influence the ultimate load or the cracking load. 


M 
Beam Condition at test bd? 
first crack, psi 


‘ A‘ j 
at : (ultimate), psi 


B4-] Dry 143 
B4-2 Wet 149 


The above beams were similar to B4 (see Table 1). 


CONCLUSIONS 


The following conclusions are based on tests of beams reinforced with 
intermediate grade plain bars subjected to loads of short duration. 

1. Concrete in tension contributes a small amount, from 5 to 10 percent, 
to the ultimate moment of resistance of normal reinforced concrete beams. 
The moment of resistance of such beams can be represented quite closely 
by the relationship 
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2. In beams having less than 0.4 percent reinforcement and 4000-psi 
concrete, or 0.2 percent reinforcement and 2000-psi concrete, allowance must 
be made for concrete in tension if a reasonable estimate of their ultimate 
strength is to be made. 

3. The tensile modulus of rupture is approximately twice as great for 
concrete beams reinforced with 1 percent of steel as it is for plain beams. 

1. The tensile modulus of rupture does not increase in proportion to an 
increase in compressive strength. 

5. Resistance of lightly reinforced beams to cracking is determined pri- 
marily by the strength of the concrete. On the other hand, above a certain 
limiting steel ratio, which varies with the concrete strength, the cracking 
load is a constant fraction of the ultimate load and is not significantly 
dependent on concrete strength. 

6. Deflection of a beam at yield of reinforcement is constant for a given 
grade of concrete provided the amount of reinforcement exceeds 0.7 percent. 


Below this limit the deflection at yield is less and may be quite small. 
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Discussion of a paper by S. D. Lash: 


Ultimate Strength and Cracking Resistance of 
Lightly Reinforced Beams 


By EIVIND HOGNESTAD and AUTHOR 
By EIVIND HOGNESTAD# 


Professor Lash has made a timely contribution to our knowledge of the 
strength of lightly reinforced concrete beams. <A few earlier tests on such 
beams resulted in higher strengths than could be accounted for by the straight- 
line theory or most plastic theories. Theoretical discussions of this pheno- 
menon in literature on this subject have indeed been lengthy and confused 
A number of explanations have been presented, such as: (1) strain hardening 
in the reinforcement, (2) longitudinal tension in the concrete, (3) precom- 
pression in the reinforcement due to shrinkage, and (4) reinforcement em- 
bedded in concrete is considered stronger than bare reinforcement due to 
some physical or chemical reaction between the steel surface and the surround 
Ing concrete 

Professor Lash has presented convincing laboratory experiments to show 
that this additional strength, whatever its cause may be, is negligibly small 
for normal reinforced concrete beams. This conclusion is based on facts, it 
ean hardly be discussed. 

However, the writer finds it difficult to accept the explanation that the 
additional strength, which is quite pronounced for small reinforcement  per- 
centages, is caused by the concrete resisting flexural tension. A check carried 
out with the aid of almost any plastic flexural theory for beam Bl with 0.2 
percent reinforcement indicates that steel strain at failure must have been 
around 10 percent. It seems probable, therefore, that this beam failed after 
considerable strain hardening had occurred, and that this, not tension in the 
concrete, accounts for the increased strength. Professor Lash indicates that 
steel strains were measured using Huggenberger extensometers, but a report 
of the ultimate strains and moments at first vielding was not presented 
If the reinforcement Was not strained beyond the range of the extensometers 
measured strains at failure should clearly indicate the relative importance 
of strain hardening and tension in the concrete 

On the basis of the evidence available, the writer must conclude that 
reinforced concrete beams are not strengthened to any important extent by 

*ACT Journal b. 1953, Proc. V. 49, p. 573. Di 19-40 i part of copyrighted Jo 
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tension in the concrete even for small reinforcement percentages; the additional 
strength is caused by strain hardening as indicated mathematically by V. P 
Jensen and others. For extremely small reinforcement percentages, however, 
the steel is unable to replace the tensile stresses in the concrete which exist 
before flexural cracking. Such beams fail as plain concrete beams; the rein- 
forcements fails by fracture at a load smaller than the load which caused 
rupture of the plain concrete beam. In design, therefore, a beam must either 
be regarded as plain or reinforced. For a plain beam, concrete in tension is 
essential to strength; for a reinforced beam the contribution of concrete in 
tension is negligibly small as far as flexural strength is concerned 


AUTHOR'S CLOSURE 


The author thanks Dr. Hognestad for his observations, and is in agreement 
that the ultimate strength of beams having moderate amounts of reinforce- 
ment can be predicted with reasonable accuracy from the plastic formula 
M (bd? phil apf,/f.). (It can be predicted even more accurately by 
the simpler formula M /bd? pfy). The author also agrees that this type 
of formula does not predict accurately the strength of beams having low 
amounts of reinforcement. 


The additional strength may be considerable (for example 46 percent for 


beam B2). Dr. Hognestad suggests that it must be the consequence of the 


steel strain being sufficiently great to enable it to resist stresses well in 
excess of yield, and that the resistance of the concrete in tension is not 
significant 

If this explanation is accepted it is then necessary to explain (a) why the 
excess strength is only significant for lightly reinforced beams, and (b) why 
the excess strength is materially altered by changing the strength of the 
concrete Soth of these points can be explained satisfactorily by assuming 
the excess to be due partly to a contribution from the concrete in tension 

It seems that the significant point in any beam test is the load causing 
vield of the reinforcement. Once this has been reached, failure will occur 
Without any substantial increase in load. It is the yield that initiates the 
failure, and the failure is gradual rather than sudden for the reason 
mentioned by Dr. Hognestad. But the load at which yield occurs is greatly 
influenced by the proportion of the bending moment being resisted by the 


tension concrete and, as the tests show, this may be considerable 
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Behavior of Composite T-Beams with Prestressed 
and Unprestressed Reinforcement’ 


By STEPHEN REVESZt 


SYNOPSIS 


Five different composite T-beams were tested to destruction to observe 
the behavior under loading. Reinforcement in four of the beams consisted of 
0.105-in. diameter high tensile strength wire, tensioned to various stresses. 
For comparison, one beam was reinforced with mild steel. Deflections, 
strains and crack widths were measured and recorded. 

Design and ultimate loads are examined in the light of estimated values 
based on simplified assumptions. Observations are drawn regarding warning 
of failure. 


INTRODUCTION 


Tests were made at the Imperial College of Science and Technology, 
London University, London, England, on composite T-beams of 14-ft span 
to determine the behavior of the beams under loads. The quality of con- 
crete, steel percentage, and prestress of the precast web were varied within 
wide limits. 

The section of the test beams is shown in Fig. 1. The particular shape of 
the section was chosen so as to represent a strip of “Myko” floor construction. 
The precast web consisted of a high quality concrete core 6 in. deep and 
about 3 in. wide, encased in nonstructural precast “foamslag” plank (Fig. 2). 
The structural concrete mix was 1:1!9:2!5, using ordinary portland cement, 
and the beams were air cured. Prestressing was applied at 7-10 days, when 
the cylinder strength was about 3700 psi. At the time of testing, it had 
attained about 5200 psi. Wood form work was used in the middle 18 in. 














Fig. 1—Section of test beam 


*Received by the Institute Sept. 8, 1952. Title No. 49-41 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete Inatirute, V. 24, No. 6, Feb. 1953, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than June 1, 1953. Address 18263 W. Mec Nichols 
Rd., Detroit 19, Mich 

+Member American Concrete Institute, Structural Engineer, Birmingham, England 
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Fig. 2—Composite construction 


of the beam in leu of “foamslag,’’ so that strain and crack width measure- 
ments could be made on a smooth surface. The top flange was cast onto the 
web seated in the testing frame by using self-supporting timber forms (Fig. 3). 


REINFORCEMENT 
The high tensile strength reinforcement was 0.105 in. in diameter, with a 
guaranteed ultimate strength of 270,000 psi. The actual breaking strength 
was found to be higher, and 296,000 psi was used in the analysis of results. 
Yield point of the mild steel was found to be 38,900 psi. Details of the rein- 
forcement in the web of the beams is given in Table 1 


BASIS OF CALCULATIONS 
For a section of the type tested, it is possible to make a number of as- 
sumptions which simplify the design, and which serve as a quick check 
against a more rigorous treatment. Assumptions used in the calculations are: 
) In the uneracked section, for deriving the bottom fiber modulus of the T-beam, 
(a) the different moduli of elasticity of the precast and cast-in-place concrete is neg- 
lected, (b) the different moduli of elasticity of steel and concrete is neglected, since 
the area of reinforcement relative to the concrete section is small. 
(2) Modulus of rupture, f,, is taken as 780 psi which is about 1/10 the ultimate com- 
pressive cube strength of the prestressed concrete. 
(3) In computing the resistance of the cracked section, (a) the lever arm is taken as 
the effective depth of the steel minus half the top flange depth, (b) the top reinforcement 
is neglected. 


Fig. 3—Self-supporting formwork 
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The following formulas and notations* were employed in derivation of the 
estimated cracking load. 


Stresses at bottom fiber due to prestressing and total dead loads: 
~ ©. Mia & 


Jrp =; + - 


Zip A Zp 4 Zop 
Where 


feo = stresses at bottom fiber due to effective prestressing F and total dead loads 
F effective prestress force after deduction of all losses 
e eccentricity of center of gravity of steel area with regard to center of gravity 
of precast concrete section 
section modulus of bottom fiber of precast section referred to center of gravity 
of precast concrete section 
area of precast concrete section 
ork = bending moment due to formwork which is removed when flange has set 
bending moment due to additional dead load, 7.e., dead load of flange, precast 
“foamslag” plank, and wood formwork 
section modulus of bottom fiber of composite section referred to center of 
gravity G, G, of composite section 


The test load was applied at third-points of the 14-ft beam. The load causing 
cracking was 

(fern + f.)6 Zr 

L 


W 


Where 


the cracking load, Ib 
modulus of rupture 
L span of test beam, in. 


Since the floor represented by the test beam is usually designed for a dis- 
tributed load, the cracking load is more realistically expressed as an equiva- 
lent uniformly distributed load in lb per sq ft. 

W. 4 
L Xb ‘ 3 
where 6 is width of flange, representing a uniform strip of floor. 


When the beam is reloaded, the tensile strength of the concrete is no longer 
acting and cracks open at a smaller load than W,. The load (in tons) causing 
the cracks to open is: 

Gf, Zs TABLE 1—DETAILS OF WEB REINFORCE- 

L MENT 


W. W. 
Initial 


prestress 
for handling psi 


The ultimate bending moment was — Beam lop steel Bottom steel 
estimated as follows: 
. —_ on 2 0.105-in. wire 12 0. 105-in. wire 205,800 
We a J o As (d 0.75) fis As d 2 0. 105-in. wire & 0. 105-in. wire 187,200 
. 2 0.105-in. wire 12 0.105-in. wire 117,400 
W here 2 0.105-in. wire 12 0. 105-in. wire Unstressed 
: , ; 1 4-in. mild 1 l-in. mild 
ultimate bending moment, in.-lb steel rod steel rod 
the lever arm : ‘ ; 
° . Shrinkage, creep and elastic onses were measured 
effective depth of steel and later deducted from initial tension in wires 
*Where possible, the proposed notations reported by Joint ACI-ASCE Committee 323 


Prestressed Reinforced 
Concrete, ACI Journat, Oct. 1952, Proc. V. 49, pp. 85-88, are followed 
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fs = ultimate tensile strength of steel 
A, = area of steel (top reinforcement neglected) 


M,X8 
we “TAX bX 12 
Where 

w, = equivalent uniformly distributed load at failure, including dead load of 42 psf 

Calculations are tabulated in Table 2. The estimated design load for mild 
steel, corresponding to a steel stress of 18,000 psi, is also shown. 

The actual cracking loads can be deduced from Fig. 4 and compared with 
the estimated values in Table 2. The figures in the table represent the loads 
at which the slope of the deflection or strain curves suddenly change in slope. 
Strictly speaking, the strain curve for the bottom fiber becomes discontinuous 
once a crack develops within the gage length, and the point of intersection 
between the two slopes should not be interpolated. 


OBSERV ATIONS 


Comparison of design loads in Table 2 for beams L and N demonstrates 
the value of high tensile strength steels in concrete construction. The total 
area of steel used in the prestressed beam was about 1/7 of that used in 
normal construction, and carried a greater design load. The estimated 
cracking load was exceeded in all cases due probably to (a) a higher value 
of modulus of rupture than assumed, and (b) greater resistance moment of 
the precast beam making allowance for inertia of the wires. In the case of 
beam G, strain readings were not available for the lower range of loads (re- 
loading), and the deduced value from the deflection curve can not be cor- 
roborated. 

Several important observations may be made from Table 3, which shows 
clearly that beams L, G, F, and N carried the same ultimate loads. The 
basic assumptions were therefore justified; estimated loads were exceeded 
in every case, even in beam J, where horizontal shear failure occurred. No 


TABLE 2—ESTIMATED AND OBSERVED CRACKING LOAD 


Beam | L G | J 





Steel stress due to effective prestress force 

after deduction of all losses, psi 180,000 | 109,500 | 174,000 
Area of total steel, sq in. 0.1218 0.1218 | 0.087 
Total effective prestressing force, lb 21,900 13,300 | 15,200 
Eccentricity, e, in. 1.24 1.01 1.32 
Stress, f’rp, at bottom fiber, psi 1398 188 620 
Section modulus, Z,, cu in. 54.3 50 51 


4200 1700 | 2500 
Observed W., lb 4300-4700 2500-2700 | 2700-2800 
Estimated W,, lb 2700 340 1100 
Observed W,, Ib | 3400-3600 1100 | 1300-1900 
Design estimate w,., psf 222 91 133 
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provision had been made for stirrups, or serrations at the top of the precast 
beams, and beam J was left with a smooth surface. The failure near the 
support is shown in Fig. 5. The calculated shear intensity was 134 psi. 
Particularly interesting is the fact that beam F, reinforced with untensioned 
wires, and made purposely with a poor quality cast-in-place concrete, (cylin- 
der strength about 1500 psi) did not fail prematurely due to the rise of the 
neutral axis; it was possible to develop the ultimate strength of the wires 


asin beam L, indicating good bonding 
of the steel. Fig. 6 illustrates beam F 
at 95 percent of its ultimate load, 
with a deflection of 6 in. at midspan. 

Beam L was loaded 19 times before 
failure. Fig. 7, the load-deflection 
curve, illustrates the remarkable re- 
silience of the construction. After the 
application of 95 percent ultimate 
load, residual deflection was only 8 





percent of the maximum. 


Strain readings were taken on the 


ST RAIN, * 


upper surface of the flange of beam 
F to find the variation in the trans- 
verse strain distribution. Fig. 8 
shows the plotted results of observa- 
tions across the beam section. At 
ultimate load the maximum strain 
over the web does not appear to ex- 


ret application oF (ase 


+ 
appica 1. 


a—Beam L 


A DEFLECTION 


STRAIN, * 


FIBER STRAIN, * 
CRACK WIOTH, IN 

; 

s 


BOTTOM 


- appication of duc 


“"s appication FF loud 


BOTTOM FIBER 


. + 
e Second application applicatior 


b—Beam G c—Beam J 
Fig. 4—Cracking load from deflection, strain, and crack width records (English ton = 2240 Ib) 
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TABLE 3—ESTIMATED AND OBSERVED ULTIMATE LOAD 


Beam 


Ultimate cube strength* of concrete, psi 
Cast-in-place flange 
Precast web 
Age of concrete at time of test, days 
Cast-in-place flange 
Precast web 
Effective depth, d, in. 
Lever arm, 4, in. 
Bottom steel area, A,, sq in. 
Estimated M, = A, f’, a, kip-in. 
Estimated w,, psf 
Actual w, (including dead load), psf 
Type of failure 


L G . N 


6560 5560 2280 4890 3720 
7820 7840 7650 


(3750) 7840 


10 7 4 7 4 
135 178 106 29 85 


7.46 7.01 7.74 6.5 78 
6.71 6.26 6.99 
0.1044 


9.40 03 
0.1044 0.1044 0.798 0698 
207 192 216 179 144 
394 367 412 341 262 
158 422 158 434 294 
steel fractured steel horiz. 
vield shear 


*Ultimate cylinder strength may be taken as 24 that of 6 x 6 x 6-in. concrete cube,’as generally employed in 


England. 


ceed the average strain by more than 10 percent and the variation is less for 


smaller loads. 


Fig. 9 shows deflection measurements of the beams plotted against the 


equivalent uniformly distributed load on the flange. 
initial and final loading is indicated by a horizontal line. 


Creep between the 
In case of beam N, 


the deflection curve is given for the second loading to yield point since the 


Fig. 5—Effect at support of horizontal shear 
failure 


Fig. 6—Beam F at 95 percent ultimate load. 


initial readings were found to be er- 
From the test, it was com- 
puted that 
mild steel was appreciably more than 


roneous. 
maximum stress in the 


the yield point of the bar as tested in 
the tensile machine. This is a usual 
phenomena, confirmed by many tests 
on mild steel reinforcement. 
Greatest deflection at failure oc- 
curred with the untensioned reinforce- 


ment, amounting to about 1, 28 of the 


Deflection at center 6 in. 
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Fig. 7—Load—deflection curve—Beam L 


span, or nearly the lever arm depth. Least deflection occurred in beam J, 
which failed suddenly in horizontal shear. The most satisfactory warning of 
collapse was exhibited by prestressed beams L and G, in which the rate of 
deformation increased rapidly before failure. The warning given by the mild 
steel was thought to be the least satisfactory, as a permanent set occurred 
at vield point of the steel and limited the serviceability of the structure 
without due warning. 




















Fig. 8—Strain distribution across 
top fange-Beam F 
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Fig. 9—Variation of deflections with loads 


CONCLUSIONS 


1. A safe estimate for design and ultimate loads of composite T-sections may be 
made using the simple assumptions proposed in the paper. 

2. Variation in the quality of the cast-in-place concrete of T-beams does not exert 
appreciable influence on the load capacity of composite beams. 

3. Prestressing does not affect the ultimate load of under-reinforced composite 
T-beams. 

4. Itis possible to reach the ultimate strength of about 300,000 psi in small diameter 
smooth wires, even in untensioned steel. If concrete in the precast beam had been 
poor, the bonding may not have been sufficient to prevent failure due to excessive rise 
of the neutral axis caused by wider crack widths. 

5. It is desirable to roughen contact surfaces of the precast web and cast-in-place 
concrete of composite beams, or even introduce shallow serrations, to prevent failure 
by horizontal shear. 

6. The remarkable resilience of prestressed beams is also evident in composite con- 
struction. 

7. The warning of failure of composite T-beams reinforced with high tensile steel 
is more favorable than that given by mild steel reinforcement. 
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Current 


Reviews. 


of Significant Contributions in Foreign and Domestic Publications 


Virtual work and the analysis of structures with 
the aid of models 


T. M. Cuaruron, The Engineer (London), V. 
5050, Nov. 7, 1952, pp. 604-606 
Reviewed by 


194, No. 


Anon L. Morsky 


Author demonstrates that a modified form 
of the principle of virtual work affords an 
approach to model analysis using finite dis- 
placements, as for example the Beggs de- 
formeter. 


Assembly-line prestressing 
Architectural Forum, V. 97, No. 4, Oct. 1952, p. 160 
Reviewed by M. W. Jackson 


Describes prestressing operations in con- 
struction of Manhattan’s Pier 57, in which 
3148 prestressed precast stringers were re- 


quired. Stringers were cast 48 at a time. 


Elementary formulas for the calculation of 

coplanar girders, arches and frames (Formules 

elementaires pour le calcul des poutres, arcs 

et portiques a plan moyen) 

P. Bratse, Annales des Ponts et Chaussees 

V. 122, No. 4, July-Aug. 1952, pp. 407-461 
Reviewed by Aron L. Mirsky 


Paris), 


Starting with the elastic properties ol a 
particle, author derives formulas which do 
The 


formulas are well adapted for the calculation 


not require calculas in their application. 
of influence-line ordinates. Two numerical 
examples are included: a four-span continuous 
girder with variable moment of inertia, and 
a two-span arch fixed at the abutments and 
with a flexible center pier. 


Testing concrete block under low humidities 
., Heating-Piping, V. 24, No. 9, Sept. 1952, 


Reviewed by M. W, Jackson 


Describes equipment installed in Portland 
Cement Assn. laboratory to obtain constant 
low humidities in test 


block. 


curing of concrete 


Tilt-up construction cuts building costs 30 
percent 
Kart N. How, Electrical World, V. 138, No 


22, 1952, p. 146 


12, Sept 


Reviewed by M. W. Jackson 


Describes construction of tilt-up walls and 
framing units for the Sacramento 


Municipal Utility District. 


precast 


Beach protection 


Harrison Weser, Military Engineer, V. 44. No. 300, 
July-Aug. 1952, pp. 266-267 


Reviewed by M. W. Jackson 


Describes construction of groins near Bay 
Shore, N. Y. Groins are 195 ft long, made 
up of 11-ton concrete blocks connected with 
interlocking steel joints 


Economics of prestressing 
Architectural Forum, V. 97, No. 6, Dee. 1952, pp. 143 
144 

Reviewed by M. W 


JACKSON 


Presents analysis’ ol cost’ tactors in pre- 
stressed concrete, including cost of concrete, 
mild reinforcing steel, high tensile steel, and 
installation. 


*A part of copyrighted JouRNAL Or THE AMERICAN CONCRETE INstiTuTE, V. 24, No. 6, Feb. 1953, Proceedings 


V. 49. Address 18263 W 
the book or article reviewed is in English. 


MeNichols Rd., Detroit 19, Mich. 


Where the English title only is given in a review, 


If it is followed by a foreign title the work reviewed is in that language 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 


original article is indicated in parenthesis following the English title. 


available through ACI. 
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Heat generation in the setting of magnesium 
oxychloride cements 
Epwin 8. Newman, Joun V. Gitrricn, and LANSING 
W. We ts, Journal of Research, V. 49, No. 6, Dee. 1952 
AvuTHORS’ SUMMARY 
The heats of hardening of magnesium 
oxychloride pastes and flooring cements were 
determined by three methods. Two direct 
methods limited to 18 hr in duration gave 
heats of hardening of about 190 cal per g of 
MgO. Temperatures up to 147 C were ob- 
tained in the interior of the samples. A 
heat-of-solution method, applicable only to 
the pastes, gave 60-day values for the heat of 
hardening ranging from 135 to 320 cal per g 
of MgO, depending on the relative concentra- 
tions of MgO, MgCl, and H,O in the pastes. 
A sample stored for 4 years gave a heat of 
hardening of 240 cal per g of MgO, as com- 
pared with the 60-day value of 215 cal per g 
of MgO for a different sample of similar com- 
position. The low heats of hardening, corre- 
sponding to high heats of solution, obtained 
for certain of the pastes support the con- 
clusion that free MgO may remain in such 


pastes. 


Low-cost prestressing—huge 60-ft concrete 

girders for parking garage cost 11 percent 

less than fireproofed steel 

Architectural Forum, V. 97, No. 6, Dee. 1952, p. 144 
Reviewed by M. W. Jackson 


Describes prestressed concrete construc- 
tion for entrance to multistory San Francisco 
garage. Heaviest girder of 62-ft span, T- 
shaped, 7.67 ft deep, carries load of 1430 kips. 
Both simple and 
girders were used. 


continuous — prestressed 


Composite design in highway bridge construc- 
tion—present status and survey of current 


investigations (Verbundbauweise im Stras- 
senbrueckenbau, gegenwaertiger Stand und 
Ueberblick veber laufende Versuche) 


W. Kurcensera, Der Bauingenieur (Berlin), V. 27, 
No. 6, June 1952, pp. 186-194 
Reviewed by Aron L. Mirsky 
After a short summary of stress conditions 
in composite construction, author describes 
briefly current investigations on shrinkage 
and creep, initial loading (such as exists in 
structures where the steel carries the dead 
load and the composite section only the live 
load), temperature 
effects, fatigue effects 
with prestressed slabs, and results of measure- 


dowels (connectors), 


plastic deflections, 


ments on some actual bridges. 
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Construction of a mine power plant at Menat 

Bridge (in French) 

P. Bevicnon, Travaur, No, 216, Uct. 1952, pp. 497-502 
Reviewed by M. W. Jackson 

reinforced concrete build- 

ings for a 26,500 kw turbine power plant for 

coal mines. 


Describes two 
Theoretical basis for calculating 
periods of vibration of the foundations re- 
viewed and its application to this structure 
shown with numerical examples. 


Nomographic designing (in Dutch) 
J. KE. F. Tucker, Cement (Amsterdam), No 
Aug. 1952, pp. 332-333 

Reviewed by Joun W. T. Van Erp 


19-20 


A nomogram is developed for rectangular 
sections, in which the concrete stresses are 
represented by a group of curves instead 
of the simplified nomogram in which all 
variables are presented along straight lines, 
giving approximate The 
nomogram has found use as a substitute for 
the usual computation sheets fer submittal of 


only solutions. 


designs. Instead reprints of the nomogram 
with 


nomogram 


are used the solution 


The 


including bar sizes and bar spacing. 


lines drawn in. 


incorporates all variables 


Corrugated concrete shell structures 


K. Bruuia, reprint from Preliminary Publication of the 
Third Congress, 1948, and Publications, V. 11, 1951, 
International Assn. for Bridge and Structural Engi- 
neering, 24 pp. 


A simplified form of concrete shell struc- 
ture, shell 
structed on steel ribs with flexible coverings. 
Tubular scaffolding or prefabricated 
ribs are erected to follow 
the shell. Jute fabric is then stretched over 
the steel skeleton. 
thin layer of mortar applied. 


the corrugated types are con- 
steel 


the curvature of 


The fabric is wetted and a 
This is built 
up with successive layers to the required 
thickness. The scaffolding is then removed, 
the fabric remaining as the interior finish of 
the structure. 
Such _ buildings 
various shapes: 


erected in 
part-cylinders, truncated 
cones and corrugated barrels. The type 
which has found the widest application is the 
corrugated shell arch. Construction details 
are described briefly. 

The second part of the reprint presents 
new developments in this type of structure 
their use in multispan, 
domed structures. Design and loading tests 
are discussed briefly. 


have been 


open-sided and 





CURRENT REVIEWS 


Safety coefficients (in Dutch) 

L. KELLERMANN, Cement 

Aug. 1952, pp. 321-323 
Reviewed by Joun W. T. Van Erp 


(Amsterdam), No. 19-20, 


Better design procedures, impreved con- 
struction methods, and increased knowledge 
of the use of structures lead to a finer articu- 
lation in the definition of safety coefficient. 
After 
divided into those based on judgment by the 


comparing basic concepts, roughly 
criterion of internal moments, shears, etc., 
or those based on the criterion of loading 
conditions, the author reviews various risk 
which 


factors to 4 completed structure is 


exposed. These factors are classified under 
(1) design and design method (conventional 
or ultimate design), (2) fabrication and erec- 
tion, and (3) use, considering loading from 
the standpoint of function of the structure 
( type of loading) or the nature of the 
Each 


of these calls for a certain factor of safety, 


structure (floor, beam, column, etec.). 


the safety coefficient of the entire structure 
being a function thereof. 


Calculation of stress loss in prestressed concrete 

(in German) 

M. BrrKenMAIER, Schweizerische 

No. 45, Nov. 8, 1952, pp. 635-638 
Reviewed by M 


Bauzeitung, V. 70, 


W. JAcKsON 


Review and summary of theory of creep 
and shrinkage of concrete, shrinkage of steel, 
and stress loss in centrally loaded prestressed 
concrete columns and prestressed beams. 
Numerical examples are given of stress loss 


in columns and in beams. 


Prestressed block floors 
Architectural Forum, V. 97, No. 4, Oct. 1952, p. 161 
Reviewed by M. W. Jackson 
Describes concrete block joined into pre- 
stressed beams used for two floors and roof of 
Cumberland high school, Bordeaux, Tenn. 
Cost of prestressed floors and roof, including 
2-in. cast-in-place concrete topping was $1 
per sq ft in place. Structure required 694 
prestressed beams. 


Dywidag prestressed concrete (Dywidag- 
Spannbeton) 


Uvraicn FInsterwauper, Der Bauingenieur (Berlin), 


V. 27, No. 5, May 1952, pp. 141-158 


Reviewed by Arnon L. Mirsky 

A review of the Dywidag system of pre- 
stressed concrete construction, including de- 
tails of the high strength bars of relatively 


595 


large diameter and the anchorages used for 
The article is illustrated with 
views and drawings of some of the structures 
built by this method, including the Baldui- 


prestressing. 


stein-Lahn and Neckar bridges (which were 
constructed by cantilevering), the Hanover 
“Constructa,” the Cologne dance platform, 
and others. 

A stimulating showcase display of what 
has been accomplished with just one system 


of prestressed concrete construction 


Airfield pavements for jet aircraft 
Cuarves R. Wurre, Military Engineer, \ 
Sept.-Oct. 1952, pp. 336-339 

Reviewed by M. W 


44, No, 301, 
JACKSON 
Summary of 


Port 
Damage to 


papers presented in sym- 


April, 
result 


posium at Hueneme, Calif., in 
1952. 


both from fuel spillage and from the heat. of 


pavements may 


jet blasts. Starting operations, pre-takeoff 
engine checks, and engine maintenance tests 
imposed the most severe conditions. Joint 
seals of portland cement concrete pavements 
are not resistant to temperature and_ blast 
effects 


blow out 


A blast directed along a joint may 
all of the filler for some distance; 
a blast directed across a joint will cause the 
filler to flow out and smear over the pave- 


ment. Underfilling joints '4 in. helps 


minimize damage, but more research needed 


Properties of concrete for prestressing 


Henry J. Gisn, Rock Products, V.55, No. 11, Nov. 1952 
p. 133 


Reviewed by Donatp M. AGrimson 


The 
strength as the quality demanding the most 


author places emphasis on high 
attention in the production of conerete tor 
prestressed structures. Strength of concrete 
is determined principally by (1) quality and 
materials used, 


proportions of (2) curing 


temperatures and moisture conditions, (3) 
use of accelerators, and (4) effect of rate of 
frequency of load application. 

It was suggested that mixes slightly over- 
sanded be used from the standpoint of ease of 
placement and also for consistent strength 
qualities. It 


is obvious that high strength 


is valueless if the concrete is not uniformly 
Methods of in- 


creasing the rate of strength gain include 


strong throughout its mass. 


steam curing, vacuum and pressure extraction 
of excess water, and the use of accelerating 
admixtures. 
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Precast frames simplify installation of room 

air conditioners 

Refrigeration Engineer, V. 60, No. 10, Oct. 1952, p. L075 
Reviewed by M. W. Jackson 


in a 
Pre- 


cast concrete frames developed in Florida 


Room air 


window 


conditioners usually set 
are a waste of lighting area. 
to be set in cinder block walls during con- 
struction These greatly 
simplify installation of air conditioning unit 


are described. 


for any subsequent occupant. 


Analysis of bridge seats and bearing pads of 

bridge piers (Die Berechnung von Auflager- 

baenken und Auflagerquadern von Bruecken- 

pfeilern) 

Hans Sievers, Der Bauingenieur 

June 1952, pp. 209-213 
teviewed by 


Berlin), V. 27, No. 6, 


Anon L, Mirsky 
Bridge piers cannot be designed as beams. 


Author 
tribution 


derives formulas for vertical dis- 


of stress within prismatic piers; 
results are shown to be in close agreement 
of F. Bleich 


(which has the disadvantage of converging 


with those of series formula 


slowly in region of interest) and photo- 


In latter that 
type of stress indicated by formulas as exist- 
ing just under the applied load is not in 
accordance with thet shown by photoelastic- 


elasticity. case it is noted 


ity, primarily because derivation does _not 
take into account the fact the load is actually 
applied through a rigid plate. 


Concrete culvert design and construction 


W. Scott Witson, The Surveyor (London), V. 111, No. 
3134, Mar. 29, 1952, pp. 207-208 


Reviewed by M. W. Jackson 


Detailed drawings and calculations given 
for three culverts. Two arched types with 
base of 12 ft, center height 8 ft, one of rein- 
forced concrete and the other of precast con- 
crete segments 3 ft x 2.5 ft x 2 in. thick with 
ribs. <A 
10 x 7 ft inside is also designed. 


splayed rectangular box culvert 


Re-lining a sewer by the Gunite (machine) 
system 


B. F 
Nov. 5 


Apams, Highways and Bridges, V. 
1952, pp. 13-14 


19, No. 957, 


Reviewed by M. W. Jackson 


Describes method and equipment used to 
reline 36-in. diameter sewer over 100 years 
old built with 
Two inches of Gunite reinforced with steel 


4.5-in. walls of common brick. 


mesh «applied by machine in four layers, 


thick. 


each 0.5 in. 
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Double 101.5-m span hangar at Marignane 
airport (Le hangar a deux nefs de 101.5 m de 
portee de |'aeroport de Marignane) 
M. N Esq ILLAN, Annales de L' Institut Technique du 
Batiment et des Travaur Publics (Paris), Supplement 
Sept. 1952 

Reviewed by Puitup L. MELVILLE 


New hangars have been built at Marignane, 


near Marseille. Two clear spans of 100 m 


with a depth of 60 m and height of 19 m were 


required. It was also specified that the roof 


should be as light After 


as practicable. 


due investigation of steel and prestressed 


designs, reinforced concrete was selected. A 
corrugated thin shell roof 6 em thick was pre- 
fabricated on the ground. Of circular sec- 
tion, it is stiffened by concrete encased steel 
ties. A model section was tested to destruc- 


tion to verify the design. The completed 
roof was lifted under carefully controlled con- 
ditions with sixteen 300-ton and two 100-ton 


hydraulic jacks at the rate of 1.06 m per day. 


Proportioning cylindrical reinforced concrete 
tanks for minimum steel content 


FE. B. Meter, Journal of American Water Works Assn 
V. 44, No. 5, May 1952, pp. 442-446 


Reviewed by M. W. Jackson 


Comparison of typical designs of prestressed 
and reinforced concrete tanks with capacities 
from 200,000 to 6,000,000 gal. for above- 
ground unembanked cylindrical tanks. 
clusions drawn were that ideal heights range 


Con- 


from 16 to 45 ft depending on type and 
whether steel or concrete to be a minimum. 
Prestressed design showed savings in con- 
crete from 22 to 36.5 percent, and savings in 
steel from 46 to 62 percent. The increase 
in cost with increase in size was only 18 per- 
cent per gallon capacity, according to the 
author. 


Prestressed concrete pipe 

G. A, P. OoyKaas, Journal of Institute of Water Engi- 

neers, V. 4, No. 2, Mar. 1952, pp. 85-109 
Reviewed by M. W. Jackson 


different 
concrete pipe with good sketches: 


Describes types of prestressed 
(1) Mono- 
lyte construction where pipe is cast in one 
piece (Freyssinet and Sentah); (2) construc- 
tion in two stages where inner core is formed 
by centrifugal process, and after curing wire 
is wrapped around, stressed, and covering 
placed (Bonna, Lock-Joint, Socoman, Socol, 


Arkel, 


stresses in prestressed pipes reviewed with 


and others). Calculation of static 


numerical examples. 
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Modern earthquake-resistant 
construction methods in Japan 


Autsert G. H. Dietz, Journal of Boston Society of Civil 
Engineers, V. 39, No. 4, Oct. 1952, pp. 381-401 
Reviewed by M. W. Jackson 


buildings and 


used in 
Pacific 


seismic coefficients 

building with 
Rating Bureau coefficients. Higher 
Japanese coefficients compensated for by 


Compares 
Japanese standards 


Fire 


higher allowable earthquake design stresses. 
Tendency is to strive for rigid rather than 
flexible buildings. 

Several construction projects described. 
Caisson method of construction of Nikkatsu 
building described in detail; caisson used was 
300 ft long, average 150 ft 


wide, and was sunk to form three subbase- 


approximately 
ments. 


Concrete economical—simplified loft construc- 
tion holds apartment costs to $6.50 per sq ft 
Architectural Forum, V. 97, No. 1, July 1952, pp. 160- 
161 


Reviewed by M. W. Jackson 


Design of 15-story Flamingo apartments in 
Philadelphia cost $2 per sq ft of supported 
slab for concrete frame and foundations, or 
total of 
costing 


$6.50 per sq ft 
$3,000,000. 


undersides serve 


for entire project 
6-in. flat 
as finished ceilings. 
Exterior columns 15 x 20 in. for entire height, 
14x 26 in. at 


Using slab 
£ 


floors, 


interior bottom reduced one 


dimension each five stories to 14 x 14 at top. 


Exterior columns spaced 15 ft, interior 17 ft 
across 50 ft width of building. 


Construction of Loch Sloy Dam 
JAMES STEVENSON, Proceedings, Institution of Civil 
Engineers (London), V. 1, No. 2, Part ILI, Aug. 1952, 
pp. 169-221 
Reviewed by Aron L, Minsky 
Description of construction practices on 
this 1200 ft long mass concrete buttress- 
type dam which consumed 208,000 cu yd of 
different 
sizes of 


concrete. Five 
with 


maximum being 2! in. 


mixes were used, 
three coarse aggregate, the 
Steel forms were 
used throughout. 

Due to bad weather and the shortage of 
skilled labor, the arch rings (spanning be- 
tween buttresses), spillway beams, spillway 
bridges, and certain other elements were pre- 
cast on the site and erected by twin 10-ton 
cableways. The reinforcing steel, which had 
been cut and bent for the cast-in-place struc- 
ture originally planned, was refabricated by 
welding. 
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Effects of jet planes on pavements of runways, 
taxiways, and aprons of airfields (Effets des 
avions a reaction sur les revetements des pistes, 
voies de circulation et aires de stationnement 
des aerodromes) 


M. Cuaste, Annales des 
V. 122, No. 4, July-Aug 


Ponta et Chaussees 
1952, pp. 463-404 
Reviewed by Aron I 


Paris), 
MIRskKY 


Describes observations, made over a two 
year period, on an airfield used by “Vampire” 


rl 
rhe 


pavements were constructed of pierced metal, 


planes equipped with “Goblin” jets. 
concrete, and asphalt; effects studied were 
those due to heat, blast, and spilled fuel. 


False set of cements (La fausse prise des ci- 
ments) 


P. Luorrrauuier, P. Sriairrz and R 
Materiaur de Construction (Paris), No 
Reviewed by Puicup I 


Vipat, Rerue des 
422, July 1952 
MELVILLE 
A new study has been made of the false 
set of cements. It can be reproduced by sub- 
stituting in clinker a siliceous sand and by 
burning it with gypsum to a temperature 
equal to that obtained in cement grinders. 
Under these conditions the calcium sulfate 
becomes partially, or entirely, a semi-hydrate 
A striking similarity exists between the be- 
havior of this inert-base mix and false set of 
cement. 
Preliminary 
follows: 


conclusions were reached as 


false set was caused by the inde- 
pendent hydration and er ystallization of a 
fraction of the semi-hydrated calcium sulfate 
rigid 
doublehydrate; the semi-hydrate results from 


in the cement, forming crystals of 


the dehydration of gypsum in the grinding of 
cement; there is for a given clinker and a 
critical 


calcium sulfate in a given state, a 


ratio of the two determining false set; this 
limit varies as a function of the airing of the 
particles. 


Concrete cantilever retaining wall 


W. Scotrr Witson, The Surveyor (London), V. 111, 
No. 3159 and 3161, Sept. 20 and Oct. 4, 1952, pp. 599- 
600, 629-630 


Reviewed by M. W. Jackson 


Complete calculations and drawings for 
One wall is 240 ft long, 25 ft high, 
and 12 ft base width; wall thickness is 5 to 9 


two walls. 


in., base 14 in.; L-shaped cantilever with 
wall and base stiffened by ribs at 12-ft cen- 
The second wall is 240 ft long, 30 ft 
high, base width 16 ft; wall 
to 9 in., toe 18 in., and heel 14 in.; both wall 
and slab strengthened by 


ters. 
hickness 7.5 
ribs or partial 
counterforts. 
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Prestressed structurals in standard sizes 
Western Construction, V. 27, No. 11, Nov. 1952, p. 75 
Reviewed by M. W. Jackson 
Operation of new firm manufacturing and 
selling in 
Plant concentrates on econ- 


prestressed concrete members 
standard sizes. 


omy of operation, such as permanent con- 


crete abutments to jack against in prestress- 


ing operations. Concrete used is designed 


for minimum 6000 psi at 3 days. 


Expanded shale aggregate in structural con- 
crete 


D. D. Rirenie and 8. H. Grar, Bulletin No. 30, 
Engineering Experiment Station, Oregon State College, 
Aug. 1951, 70 pp. 


Highway Researcw ABsTRACTS 


May 1952 

Investigation reported consists primarily 
of tests on expanded shale aggregate concrete 
made with “Lite-Rock.”’ 
similar but limited tests were made using 
two aggregates, 
gravel, and a second expanded shale. 


For comparison, 


other natural sand and 

The following conclusions may be drawn 
concerning Lite-Rock concrete. Unit weight, 
dry, is from 60 to 80 Ib per cu ft. The 
maximum size and amount of coarse aggre- 
gate An air- 
entraining agent or dispersing agent is rec- 


are critical in mix design. 
ommended but not necessary. 
1200 


depending on the cement 


Compressive 
to 4200 
factor and 


strength ranges from psi 
the 
maximum size aggregate. Less strength is 
gained beyond the 7-day curing period than 
with heavier concrete. Resistance to bond 


and shear is in accord with compressive 


strength. Absorption is not excessive when 
considered on a volume basis. Shrinkage at 
28 days is less than that for gravel concrete. 
Abrasive resistance is low. The low modulus 
of elasticity of this concrete is remarkably 


well suited to reinforced concrete design. 


Novel design of prestressed concrete tank 
(Les premiers reservoirs cylindriques en beton 
precontraint a fils tendus avant moulage) 


La Technique Moderne-Construction (Paris), V. 7, No. 9, 


Sept. 1952, pp. 285-287 


Reviewed by ALEXANDER M. Turrrzin 


Descript ion of a prest ressed concrete cylin- 
drical tank, built above ground for storage 
of gasoline, with a useful capacity of 3500 cu 
m. It has an inside diameter of 24 m and a 
wall thickness of 0.13 m; the wall height is 8 
m above the foundation. The 
topped with a prestressed concrete dome 2.4 
m high and 0.13 m thick. 


reservoir is 


The foundation 
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consists of a circular ring, rectangular in 
cross section, 1 m high by 0.5 m wide, di- 
rectly supporting the tank walls. The bottom 
of the tank is made of a slightly conical pre- 
stressed concrete slab, 0.12 m thick, resting 
on vibrated and compacted layer of sand 
It is reinforced with 220 
wires 


about 1 m deep. 


high-strength located radially, an- 
chored at one end to the circular foundation 
wall, and at the to 


located concrete ring. 


other end a centrally 


The tank walls are reinforced with wires 
to the running 
diagonally in two opposite directions, form- 
ing a mesh with wires in the form of an in- 
verted V. The mesh is supported by a fram- 
ing system of vertical 


anchored foundation and 


I-beams and hori- 
zontal cross beams, into which bolts were 
inserted to produce a vertical pull on each 
total $32 


points to which tension was applied, creating a 


diagonal wire. There was a of 
circumferential prestressing force of 80 kg per 
sq em and a vertical prestressing force of 
After the wall was 
placed and the concrete attained its full 


crushing strength, the tension on the pre- 


about 40 kg per sq cm. 


stressed wires was released, thereby creating 
the No 
walls allowed 


compressive stresses in concrete. 
the 


at any time. 


tension in concrete was 
Under full load, there was a 
10 
High-strength steel 


wires with an elastic limit of 110 kg per sq 


residual compression of about kg 


per 
sq em in the concrete. 


m and an ultimate limit of 140 kg per sq m 
were used. 


Indeterminate frame analysis by the method of 
equivalents 


M. R. Sana 


Journal of the Institutior 
India), V. 32, N 


No. 3, Mar. 1952 
Reviewed by Puu 


of Engineer 
M. Ferauson 
The 


parable in its results to several direct methods 


“method of equivalents” is com- 
of moment distribution, but is based on the 
calculation of rotations at the several joints 
These rotation angles are calculated in parts, 
the primary rotation being that due to un- 
balanced fixed-end moments at the particular 
joint and the secondary rotations being those 
caused by unbalanced fixed-end moments at 
rotations 
are calculated for all joints that the 
thinks might be significant for the particular 
frame and loading. 


adjacent joints. These secondary 


user 


Calculation methods are closely related to 


Kloucek’s “distribution of deformation,’ 
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but rules of thumb are given as to the prac- 
tical number of joints which should be used. 
The method involves equivalent stiffness, 
exactly equivalent to Lin’s modified stiff- 
differently developed and 
more simply expressed for direct. calculation 
by formula. 


ness, although 
The method requires the cal- 
culation of distribution factors for original 
stiffness values (before stiffnesses are modi- 
fied) and also one set of distribution factors 
based on the modified stiffness of all members 
(Such a dis- 
tribution factor is exactly the reciprocal of 
Lin’s R value.) 
from the final total rotation angles, just as 
in the final step of the slope-deflection method. 

The method is admittedly quite similar to 


except the one in question. 


Final moments are obtained 


Kloucek’s but the theoretical development is 
different; and the author thinks the practical 
application is simpler. 
this 
have been much interested in direct methods 
of this type, but seem to prefer the ordinary 


Sidesway is not con- 


sidered in paper. American engineers 


moment-distribution method for general use. 


Design of cylindrical concrete shell roofs 


ASCE Manual No. 31, American Society of Civil 
Engineers, New York, N. Y., 1952, $5 


Presents an extensive set of tables and 
charts enabling an engineer to design shell 
roofs without spending innumerable days on 
tedious numerical computations. By means 
of coefficients tabulated in the tables, final 
moments and forces acting throughout the 
shell are obtained in two or three slide rule 
operations. This ease in design accomplishes 
First, it brings the design of shell 
roofs within the realm of the average prac- 
ticing engineer. 
thorough economics of 
column arrangement for shell roofs. Another 
important advantage resulting from this 
systematic array cf values is that the effect 
of the several variables such as chord width, 
span length, thickness and 
shell can be quickly studied. 

The tables 


dimensions. 


two things. 


Second, it permits a more 
evaluation of the 


curvature of 


range of shell 
Values are given for shells in 
which the chord width is as low as one-tenth 
the longitudinal span of the shell. From this 
low limit, final moments and forces are given 
at closely-spaced intervals for 74 different 
ratios leading up to shells with a chord width 
of approximately 20 times the longitudinal 
span. Thus, shell roofs ranging from the 


cover a wide 
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type used in industrial buildings to the type 
used for large span structures, such as 
hangars and auditoriums, can be designed 
readily by means of the tables. The use of 
the tables is illustrated by numerous examples 
which consider single barrels, multiple barrels, 
shells with edge beams and shells formed with 
two different radii. Moreover, this is the 
first publication that develops a procedure 
for the analysis of shells continuous in the 
longitudinal direction. 

The second part of the manual contains 
the development of the theory. First of all, 
represents the first exact 
shell Although 
foreign engineers have been working on shell 
design since 1924, the procedures developed 


by them have always been based on sim- 


the derivation 


solution to the problem. 


plifying assumptions. In all fairness, it must 
that 


derivations 


be said especially the most recent 


used abroad do give accurate 


results. However, the exact analysis de- 
veloped in the manual, although more direct, 
entails less labor than the methods previ- 
ously published. This 
solution was made possible by the 
introduction of an original method of treat- 


ing differential equations. 


achievement of an 
exact 


In the derivation, 
a general procedure for converting a series of 
simultaneous equations with several variables 
into one equation with one variable is de- 
veloped. As far as it can be ascertained, this 
is the first 
has ever been worked out. 


time that such a transformation 
It appears that 
this new tool should greatly simplify some 
of the problems in the field of elasticity. 
Besides containing a marked improvement 
in the analysis of simply supported shells, 
the manual establishes relationship between 


the stress distribution in simply supported 


This relation- 
ship has been derived for the general case of 
continuous shells, 


shells and continuous shells. 


formulas are 
for three typical cases of continuity. 


and given 
The 
entire picture of shell design is rounded out 
by chapters on the buckling of shells, the 
design of supporting beams or ribs, and the 
effect of rib deformations on the shell. 
Examining the manual as a whole, it can 
be safely ventured that although American 
engineering has lagged considerably far be- 
hind in the field of shell design, this manual 
will place American design know-how, if not 
ahead, at least abreast. with foreign develop- 
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ments. Although no pretense is made that 
this manual covers the entire field of shell 
structures such as domes, etc., nevertheless, 
the fundamentals developed in its text can well 
serve as a firm foundation for the entire field. 


Theory of elasticity and plasticity 
H. M. WesrerGaarp, Harvard University Press and 
John Wiley and Sons, Inc., New York, N. Y., 1952, 
176 pp., $5 
Reviewed by Paut Rocers 
The untimely death of Prof. H. M. Wes- 
tergaard prevented the publishing in full of 
his accumulated knowledge on the theory of 
This book 


appeared in monograph form, presents the 


elasticity and _ plasticity. which 
three dimensional theory of elasticity. 

This is not an easily readable book. Prac- 
ticing engineers, 
working knowledge of higher mathematics, 
might find difficult to follow the extensive 
partial differential equations, Fourier series, 
On 
the other hand, this book presents, in one 


even those who have a 


Laplace’s operators and similar methods. 


compact volume, all the higher fundamental 
theories for which the basic laws of mechanics 
do not furnish the complete solutions. 

A considerable portion (34 pages) is de- 
voted to historical notes. It 
that the 
which only recently seem to have reached 


is interesting 
to learn many of great theories, 
practical applications, have been developed 
in the last century or even earlier. The most. 
striking example is photoelasticity which was 
first introduced in 1816. 

Chapter 3 deals with the problem of stress. 
Notations explain the vector stress as it is 
composed of the normal and shear stress; 
three-dimensional stress 
illustrated. 
the uniform plane state of stress are ex- 
plained. 
the better known Mohr’s circle is presented. 


components are 


The uniform state of stress and 
Mohr’s dyadie circle, as apart from 


Notations on vectors are interpreted; stress 


tensors formed in determinants. Principal 
normal and shear stresses are developed into 
Lame’s stress-ellipsoid. In two dimensional 
state this reduces to the well known ellipse 
of stress. Other problems are Mohr’s hypo- 
thesis on limits of stress, octahedral stress, 
the 


equilibrium of a nonuniform state of stress. 


stress deviations, stress quadric, and 


Chapter 4 deals with the problem of strain. 
Shearing strain or detrusion is explained; 
Heoke’s law, Yeung’s modulus and Poisson’s 
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ratio are introduced. Strain tensors are de- 
termined from measured strains. 
the 
derivatives of 


Laplace’s 
defined as three 


partial 


operator is sum of 


dimensional second 


order. The basic differential equation of 


elasticity and the principle of superposition 


are analyzed. Lame’s constants, which 


previously had been extensively used, are 


presented. Also discussed are compatibility 
of normal and shear strains, cylindrical co- 
laws of 


ordinates, and simplest plasticity 


and deviations from them. 

Chapter 5 handles the problems of strain 
potential, inertia forces, and thermal stresses. 
Among the problems discussed are Lame’s 


formulas for stresses in hollow ecvlinders 
and hollow spheres, disk with circumferential 
shear at inner and outer concentric circular 
edges, resultant force on surface of revolu- 
tion, circular disk rotating about its axis of 
revolution, and examples of thermal stresses. 

Chapter 6 is devoted to the application of 
the Galerkin 
Galerkin, 


veloped certain strain functions which not 


vector and its application. 


a contemporary Russian, has de- 
a general solution of the three- 
dimensional elasticity 


only allow 
but can even be ex- 
tended to the analysis of the n-dimensional 
space. Galerkin vectors can also be used for 


two-dimensional elasticity, although other 
methods such as Airy’s functions may be 
and bihar- 
monic functions are analyzed.  Galerkin’s 
vector kZ function for 


solids of revolution are compared. 


more advantageous. Harmonic 


and Love’s strain 
KXelvin’s 
problem of a single force applied in the in- 
terior of an extended solid is discussed. Using 
a definite value for Poisson’s ratio, Boussin- 
esq’s normal force and Cerruti’s tangential 
force are interpreted. The twinned gradient 
is explained. Mindlin’s problems of vertical 
and horizontal forces applied at some distance 
below the horizontal surface of a semi-infinite 
The problem of a thick 
disk rotating about its axis of revolution is 


solid are introduced. 


presented. Strain potential and strain 


function are applied in polar coordinates; 


stress concentrations at 


a small spherical 
hole are analyzed. The problem of deflec- 
tions of the surface of a semi-infinite solid 
under various normal loads is discussed and 
finally the difficult problem of pressures trans- 
mitted 


curved surfaces is analyzed. 


between two solids with smoothly 
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Ten-Year Report on the Long-Time Study of 
Cement Performance in Concrete’ 


By the Advisory Committeet, Long-Time Study of Cement Performance in Concrete 


R. F. Blanks, Chairman 


SYNOPSIS 


Primarily, this study was undertaken to determine whether any relation- 
ship exists between the composition, fineness, and conditions of manufacture 
of the test cements and the ability of the concrete in which they were used to 
resist disintegration when subjected to external influences such as water, sul- 
fate solutions, temperature changes, and highway traffic with or without appli- 
cation of salts for ice removal. 


Most of the test structures have now been exposed to weathering for ten 
vears and this report presents the most important facts regarding the cement 
and their performance. No consistent relation was found between the com- 
position and fineness of the cements and the behavior of concrete exposed to 
freezing and thawing. Differences in manufacture did not significantly affect 
the durability of the concrete. Resistance to sulfate attack was increased by 
reduction of the potential C;A content of the cement. Substantiating other 
studies, the evidence was strong that air entrainment greatly increases the 
ability of concrete to endure freezing and thawing without deterioration and 
was found to be particularly effective in preventing scaling when chlorides are 
used for ice control on concrete pavements 


INTRODUCTION 


The Long-Time Study of Cement Performance in Concrete was under- 
taken by the Portland Cement Assn. in close co-operation with a number of 
consumer agencies. The primary aim was to determine the effects of varia- 
tions in fineness, chemical composition, and methods of manufacture of 
portland cement on durability and general performance of concrete when 
subjected to a variety of exposure conditions typical of those encountered in 
continental United States. 


The idea of studying the relative behavior of cements in concrete under 
various conditions of exposure did not originate with this investigation. It 


*Presented at the ACI 49th annual convention, Boston, Mass., Feb. 17, 1953. Title No. 49-42 is a part of copy- 
righted JoURNAL OF THE AMERICAN Concrete INnstirute, V. 24, No. 7, Mar. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than 
July 1, 1953. Address 18263 W. Me Nichols Rd., Detroit 19, Mich 

tPast and present members participating in the preparation of this report are: R. F. Blanks, Great Western 
Aggregates Co. (formerly with USBR); R. W. Carlson, consulting engineer; P. J. Freeman, TVA; W. C. Hansen, 
Universal Atlas Cement Co.; F. N. Hveem, California Division of Highways; J. R. Gilbert, Corps of Engineers; 
*. H. Jackson, Bureau of Public Roads; F. R. McMillan, consulting engineer (formerly with PCA); W. H. Price 
USBR; R. W. Spencer, Southern California Edison Co.; T. E. Stanton, formerly with California Division of High- 
ways; B. W. Steele, consulting engineer (formerly with Corps of Engineers); I. L. Tyler, PCA; Hubert Woods 
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had been under discussion for years, and many more or less unrelated testing 
programs looking into one or more phases of concrete durability had been 
undertaken by several investigators. The inadequacy of the piecemeal 
approach served to point out the need for a comprehensive investigation, and 
the individual test programs gave background upon which such an investiga- 
tion could be based. In the late 1930’s demands for more reliable information 
regarding cement performance became pressing. Finally in 1939, through 
the efforts of P. H. Bates, at that time chief of the Clay and Silicate Products 
Division, National Bureau of Standards, and the late Frank T. Sheets, presi- 
dent of the Portland Cement Assn., arrangements were made to undertake 
this investigation. 

Formulation of the program of investigation and general direction of its 
execution were placed in the hands of an advisory committee composed of 
eight members representing users of cement and four members representing 
producers. The user membership was chosen from prominent engineers in 
the most important fields of concrete construction. This advisory com- 
mittee has maintained general supervision over all of the activities connected 
with the investigation and has direct authority over all publications dealing 
with results or conclusions. 

‘Twenty-seven cements were selected for study. These represented the 
principal cement producing areas of the United States and covered the range 
of chemical compositions commonly encountered in cements of the five ASTM 
types. The cements were made at representative cement plants under good 
operating conditions. Free lime in the clinker was uniformly low and the 
finished cements had autoclave expansions well below the limits permitted 
in ASTM and other specifications. A crew of trained observers was present 
to record data and take samples at various stages of the manufacturing process. 
Twenty-one clinkers were made and ground with gypsum to make 21 cements. 
In addition, six of the 21 clinkers were ground with gypsum and an air-en- 
training agent, making 27 test cements in all. There were eight cements of 
Type I composition (identified as 11 to 18, inclusive), five of Type II (21 to 
25, inclusive), three of Type III (31, 33, 34), four of Type IV (41, 42, 43, 438A), 


and one Type V (51). The six air-entraining cements are identified by the 
letter “T”’ following the cement number. (The term “air-entraining cement”’ 
had not come into use in 1939-40 when these cements were manufactured, 
and the letter ““T’’ was used to indicate a “treated”? cement.) 


Kxhaustive tests on each of the cements have been conducted in labora- 
tories of the Portland Cement Assn. and other interested agencies. The 
results of a great many of these tests have been published in bulletins of the 
association. In these publications the results of chemical and mineral analyses 
and such physical properties as fineness, strength, and heat of hydration are de- 
scribed, including data from all of the tests commonly applied to cements.* *-** 
Tests other than those commonly used have also been tried in the search for 


*Numbers refer to chapters of the continuing report on the Long-Time Study of Cement Performance in Con- 
trete 
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ties between determinable properties of cement and cement performance in 
concrete. In addition, a large supply of each cement has been retained in 
hermetically sealed containers for possible use in tests yet to be devised. It 
was believed that with full information regarding the manufacture of the 
cements, their physical and chemical properties, and the raw materials from 
which they were made, it should be possible to isolate and determine the im- 
portance of some of the factors which control their performance in concrete. 

The investigation contemplated a study of the behavior of the test cements 
in concrete structures subjected to the full range of exposures encountered 
in the United States. The following projects were chosen as being repre- 
sentative of the types of construction in which performance of cements was of 
greatest importance: 

toads in severe, moderate, and mild climates 

Test specimens in sulfate soils in mild climate 

Piling exposed to sea and fresh water, severe and mild climates 

Thin to moderate size concrete sections exposed to severe natural weathering 
Specimens of “near-job-size’’ in test plots located in severe and mild climates 

Kxposures at these projects are of two types: first, normal weathering en- 
countered at the project, mild in some locations, severe in others; and second, 
exposure to special conditions involving the action of chemicals, such as 
sulfate soils, the salts in sea water, or salts used on pavements for ice control 

In the first type of exposure, normal weathering, it was not expected that 
marked differences in durability of concrete made with the test cements 
would appear until after a considerable number of years, if the concrete struc- 
tures were made properly. At the test plots there was opportunity to intro- 
duce unfavorable conditions, such as lean mixtures, high slump or poor aggre- 
gate, In some specimens to accelerate the effects of weathering. 

Primarily, this study was undertaken to determine whether any relation- 
ship exists between composition, fineness and conditions of manufacture of 
cement as indicated by presently recognized methods of test and analysis, 
and the ability of concrete to resist disintegration when subjected to external 
influences such as water, sulfate solutions, temperature changes (both above 
and below the freezing point of water), and highway traffic with or without 


applications of salts for ice removal; and internal changes due to instability 


of the hardened cement paste. Reactions between cements and aggregates 
were purposely not made a part of the study. 

The program for the Long-Time Study of Cement Performance in Concrete 
was developed during the period 1939 to 1941, and during 1941 and 1942 
most of the construction projects designed to test the performance of the 
cements were constructed. Most of the test structures have now been ex- 
posed to weathering for ten years, and although ten years is not long in the 
normal life of concrete, the Advisory Committee believes that a report on the 
present status of the Long-Time Study should be made available to the users 
of portland cement. For those projects which have yielded instances of 
sufficient deterioration to warrant discussion, interim reports have been 
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published, with details of construction and data available at the time.®> The 
following discussion of observations at each project is intended to present 


the most important facts regarding the cements and their performance, and 
to draw such conclusions as developments up to this time will permit. 


OBSERVATIONS AT EACH PROJECT 
Test roads 


The three test roads represent severe, moderate, and mild exposures in 
New York, Missouri, and South Carolina, respectively. In these the test 
cements were used in two-lane concrete pavements between 1!o and 2 miles 
long, each cement being used three or four times at well-spaced intervals. 

Of the three test roads, only the one having the most severe exposure 
(New York Test Road) shows results which warrant comparison of cement 
performance at this time. Severe structural cracking has occurred on some 
portions of the New York Test Road, but this cracking is in no way associated 
with cement performance, depending almost entirely upon subgrade conditions 
and drainage. It mars the appearance of the pavement, but has not pro- 
gressed far enough to require resurfacing or to impair riding qualities seriously. 

There are three parts to the New York Test Road, designated as Projects 
1, 1A, and 1B. Projects | and 1A were sections of the road in which it was 
expected that no chemicals (sodium chloride or calcium chloride) would be 
required for ice control. Project 1B was constructed on a comparatively 
steep grade which would normally require the use of chemically treated 
abrasives for ice control. In actual service it was found necessary to apply 
chemically treated abrasives at intersections on Projects 1 and 1A, but these 
two parts of the road were otherwise unsalted. 

Project 1 provides a comparison of 24 of the test cements. Among the 
non-air-entraining cements the defects which might be attributed to cement 
performance, such as D-cracking and scaling, have not shown any relation- 
ship to cement types, although there are noticeable differences between some 
of the individual cements. None of the air-entraining cements show defects. 

Project 1A was intended to show the behavior of six cements in paving 
concrete of somewhat greater than normal slump— ) in. instead of the 3 in. 
in Project 1. On the whole, the performance of the slabs in this project with 
respect to D-cracking is not significantly different from that of the corre- 
sponding slabs of less slump in Project 1. 

Project 1B provides a comparison between the six air-entraining cements 
and their six non-air-entraining counterparts under conditions where salts 
were used for ice control. The differences in behavior of the air-entraining 
cements and their non-air-entraining counterparts are outstanding. This is 
shown in Fig. | in which the lane at the left was made with air-entraining 
cement and the lane at the right with non-air-entraining cement. Four 
repetitions of each of the cements show scaling of all of the 24 non-air-entrain- 
ed sections and no scale on any of the 24 corresponding air-entrained sections. 
Table 1 shows the percent of scale on each of the 48 test sections. Test sec- 
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Fig. 1—New York Test Road. Lane at left made with air-entraining cement, that at right with 
non-air-entraining cement 


tions of round | were in a portion of the road requiring heavy salting. For 
this reason the non-air-entrained sections are heavily scaled. The uneven 
application of salts precludes comparison between non-air-entraining cements 
The contrast between the zero percentage of scaling in the air-entrained 


and the heavy sealing of the non-air-entrained sections is so striking that the 


immense improvement provided by air entrainment is clearly established 


The same general condition is shown in the unsalted portions of the test 
road (projects 1 and 1A) although to a lesser degree. Some of the non-air- 
entrained sections show scaling, but none of the air-entrained sections are 
affected 


TABLE 1—PAVEMENT SCALING ON PROJECT 1B, PERCENT TOTAL AREA SCALED 
AS OF JUNE, 1952 


Non-air-entraining Air-entraining 
g 
cement (by rounds) cement (by rounds) 
Cement 





606 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1953 


Exposure to sulfate soils 

The effect of storing cement mortar and concrete in solutions of sodium or 
magnesium sulfate has been investigated in various laboratories. This in- 
vestigation involves the action of these salts under additional conditions, 
in that the sulfates are in the soil in which specimens are partially embedded, 
and the specimens are alternately wetted and dried. During the drying 
cycle the dried salts are deposited upon the specimens, remaining until dis- 
solved in the next wetting cycle. As a result, the effects of exposure to sulfate 
soils, as observed in this study, may not be comparable with the effects on 
specimens submerged in sulfate solutions. 


For the investigation of the effect of exposure to sulfate soils, approxi- 


mately 1000 beam specimens, 6x 51% x 34 in., were made from the 27 test 
cements, in three concrete mixes—4, 5/9, and 7 sacks per cu yd. A slump of 
1!,4 in. was sought for each of the three mixes. The sand content of the mix 
was adjusted for the air-entraining cements to allow for the amount of air 
entrained and the reductions in mixing water. 

Two concrete basins, each 36x 48 ft and 10 in. deep, were constructed, 
Basin 1 for a natural soil high in Na.SO, (10 percent of dry weight of soil), 
Basin 2 for the same soil, to which was added an alkali-free soil and WgS0O, 
in such proportions as to replace one third of the Na»SO, with MgSO, The 
test beams were laid horizontally in the soil, with half of the 6-in. dimension 
submerged. Water was added at frequent intervals to just cover the beams, 
and then allowed to evaporate. The beams were arranged in six rounds, a 
round representing each of the 27 cements and each of the three mixes. Fig. 2 
shows the condition of companion 7-sack specimens, Basin 1, in 1952. 


The beams were rated yearly by visual inspection from 1.0 for unaffected 
specimens to 6.0 for those completely disintegrated. To bring the judgment 
of different observers into agreement, and to avoid changes in judgment 
from time to time, photographs representing successive degrees of attack 
were prepared for reference. 


Beams made with rich mixes were more resistant to attack than those made 
with lean mixes, no doubt because of their reduced permeability. This is 
shown by the higher average ratings for the lean mixes than those for the rich 
mixes. For example, considering the beams in Basin 1 made with the 21 
non-air-entraining cements, the average rating at two years for the 4-sack 
mix was 4.1, whereas at seven years the average rating for the 7-sack mix was 
only 1.8. That is, the beams with the rich mix were in much better condition 
at seven years than the beams with the lean mix at two years. 


Beams in the soil containing .WgS0O, (Basin 2) were more resistant to attack 
than those in the soil in which the soluble salt was mainly NaoSO, (Basin 1). 
The difference may be related to the character of the salt deposit on the beams 
obtained as a result of evaporation. In Basin 1 the deposit is a powdery 
white solid, while in Basin 2 it is glass-like. The latter would retard evapora- 
tion and thus prevent building up high concentration of the sulfates. 
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Fig. 2—Condition in 1952 of companion 7-sack concrete specimens in contact with sulfate soil 


Lowering the potential C,;A content of the cement tends to increase re- 
sistance to the attack of sulfate soils. There are some exceptions in the data, 
but this is to be expected for two reasons: (1) the potential, or calculated, 
CA is not the actual C;A content, and departures from the actual Cy;4A may 
be greater in some instances than in others; and (2) the C;A content is prob- 
ably not the only factor influencing resistance to attack by sulfate soils. The 
influence of C3;A is apparent and warrants limitation of the potential (yA 
content of cement as one of the important aids in securing high resistance 
to sulfate soil attack. A potential C;A content of 7 percent represents a fair 


division between cements of poor and good performance. No equally satis- 


factory criterion could be found for isolating cements of really superior per- 
formance. 

The data on effect of air entrainment on resistance to sulfate soils, com- 
paring air-entraining cements with their non-air-entraining counterparts, pro- 
vides 18 comparisons in each of the basins. At the end of ten years Basin | 
shows four comparisons in which improvement in resistance is substantial, 
six in which the improvement is slight, and eight in which there is no improve- 
ment (all eight pairs completely disintegrated). Basin 2 shows two instances 
in which the improvement is substantial, ten in which it is slight, five in 
which there is no improvement (four pairs completely disintegrated), and one in 
which the condition is reversed. In cases in which disintegration is now com- 
plete, the air-entrained specimen has outlasted its non-air-entrained counter- 
part in almost every instance. A number of the air-entraining cements 
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actually entrained less air than is now considered optimum. Under the con- 
ditions of the test, that is, when concrete is subjected to alternate soaking in 
strong sulfate solutions and drying, air entrainment appears in most cases to 
increase durability. 

This project of the Long-Time Study has been extended recently by bring- 
ing eight additional cements into the study. The purpose is to provide addi- 
tional data on the effects of potential C;A in the relatively low ranges and to 
examine more closely the effects of air entrainment. 


Test piling 

For the study of test piling exposed to salt water and to fresh water (Project 
8) there were four installations. The installation at Cape Cod used 19 of the 
21 non-air-entraining cements and three of the six air-entraining cements in 
sixty-six 12x 12 in. x 30 ft square piles of three concrete mixes. With tides 
averaging 9 ft, most of the piles protrude slightly above the water at high tide 
and are exposed to the air for at least 9 ft at low tide. 

Another installation using the same cements, identical in every respect 
except as to length of pile, which is 20 ft, was installed at the mouth of Esopus 
Creek at its junction with the Hudson River near Saugerties, N. Y. Here the 
exposures to fresh water have a tidal range of approximately 4 ft and the 
weather is not greatly different from that at Cape Cod, both installations 
being subjected to frequent cycles of freezing and thawing. Because of ice 
accumulation at the piles at Saugerties, it is probable that temperature changes 
at the alternately wet and dry surfaces are slower and possibly of less magni- 
tude. 

At Salt Run, near St. Augustine, Fla., the cements used at Cape Cod and 
Saugerties were repeated in piles of 30-ft length for exposure to sea water in a 
mild climate. There is no freezing and thawing, and deteriorating agencies 
are confined to salt water attack and alternate wetting and drying. Aggre- 
gates were those commercially available in the vicinity of Jacksonville, Fla., 
where the piles were constructed. 

A fourth installation, using seven of the 27 test cements and one local cement. 
was constructed at Newport Beach, Calif., where the climate is mild and the 
exposure is in sea water. 7 

Kach of the test piles was reinforced with eight steel bars so located as to 
have | in. of covering concrete. This amount of cover was insufficient to 


protect the steel from attack by sea water notwithstanding the exceptionally 


careful construction procedures followed. For the three salt water exposures, 
the effect of rusting and expansion of the reinforcing steel is a major deterio- 
rating influence. It is observed mostly above the mean tide level in the form of 
vertical cracks in the concrete parallel to the reinforcing steel, often with 
rust stains. The fresh water exposure has not had the same effect. 

Serious deterioration in addition to that which can be associated with 
rusting of the reinforcing steel has developed only at the Cape Cod exposure. 
Concrete piles containing the 5-sack mixes have been much more severely 
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damaged than those containing 7 sacks of cement per cu yd. Several of the 
test specimens of the 5-sack concrete are approaching complete disintegration 
if the supporting power of a pile is taken as a criterion. At least one specimen 
has reached a condition which would make it useless in a structure. This 
may be seen in Fig. 3 which shows some of the piles in varying degrees of 
deterioration. Among the non-air-entrained specimens, relations between 
deterioration and composition, fineness or other determinable properties ol 
the cements have not been found. In most cases air entrainment had a defi- 
nitely favorable influence in the reduction of softening and disintegration, 
but its effect on cracking due to rusting was slight. 

The installation at Saugerties, N. Y., where the exposure is in fresh water 
shows no visual signs of deterioration in any of the piles. 

Thus far, the two exposures to sea water in mild climates, at St. Augustine, 
Fla., and Newport Beach, Calif., do not show significant deterioration, except 
for the cracking from rusting of the reinforcing steel. 

Thin concrete sections 

Another project was selected for the study of cement performance in rela- 
tively thin concrete sections exposed to severe normal weathering. ‘Two sites 
were selected for this type of exposure—one in the High Sierras of California, 
the other in the Rocky Mountains near Denver, Colo. Florence Lake Dam 
served for the California installation where the 27 cements were used in 
replacement walkway slabs at the crest of nine arches of a multiple-arch dam 


Fach cement was used in three test sections of the walkway, approximately 3 


Fig. 3—Cape Cod test piles at low tide 
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ft wide, 10 ft long and 6 in. thick. The elevation at Florence Lake is above 
7000 ft and the test slabs are subjected to frequent and rapid fluctuations in 
temperature and frequent wetting and drying. Temperatures reach 0 F or 
lower, 

About three years after construction, some of the 6x 514 x 34-in. control 
beams, made of the same concrete as that in the walkway slabs, exposed on 
the crest of the dam, began to exhibit signs of deterioration, and in the course 
of two or three years developed severe random and pattern cracking on the 
surfaces. Sonic tests indicated significant decreases in’ elastic modulus. 
During the same time, faint signs of distress were noted in walkway slabs 
corresponding generally with the much more seriously affected beam speci- 
mens having the same cements. It was thought that serious deterioration 
of the walkway slabs was imminent. However, the changes which have 
taken place in the walkway slabs during the last five to six vears have been 
extremely small and the defects, most of which developed during the first 
four years, would pass unnoticed except under the closest examination. The 
beam specimens have shown a slow but steady increase in deterioration during 
the same interval, both in the number of specimens affected and in the degree 
of deterioration. 

At this location it has been the slower-hardening cements that are most 
affected, probably because the construction was done late in the fall with 
only a relatively short interval before the first winter’s exposure to freezing 
and thawing. No signs of distress have been found on any of the air-entrained 
concretes, either in the slabs or in their companion test beams. 

The installation in Colorado is at Green Mountain Dam, elevation about 
8000 ft, with temperature and humidity variations similar to those at Florence 
Lake. Temperatures are somewhat lower in the winter. The test sections 
are portions of parapet walls, each portion about 9 ft long, 3 ft 9 in. high, and 
16 in. thick along the upstream crest of Green Mountain Dam. Twenty-four 
of the test cements were used. In addition, vinsol resin was added at the 
mixer with three of the non-air-entraining cements. Each cement was repre- 
sented in at least three test sections. 

The parapet walls (Fig. 4) at Green Mountain Dam have shown almost no 
signs of deterioration. A few small areas of D-cracking have been noted 


at corners, possibly due to thrust between wall sections or damage during 


construction. A few of the 6x 18-in. control cylinders cast during construc- 
tion and exposed on rock riprap beside the parapet wall have shown some 
random surface cracking and reductions in sonic modulus and pulse velocity. 
These indications have not developed sufficiently to permit comparisons of 
cement performance. 


Test plots 

For the study of the performance of concrete in specimens somewhere be- 
tween normal laboratory-size and full-size structures, two test plots were 
selected. One near Chicago, Ill., provided a severe outdoor exposure. A second 
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Fig. 4—Parapet wall containing test sections at Green Mountain Dam 


was constructed south of Macon, Ga., for exposure to comparatively mild 
weather. At these two projects specimens of “near-job-size’’ were constructed, 
representing pavement concrete, retaining walls, and small sections at ground 
level. The slabs representing pavement concrete were 2! x 3!o ft and 6 in. 
deep, cast in place on the ground. For the slabs there were three mixes and 
three combinations of aggregate. Retaining walls were represented by box- 
type specimens, in the form of cubes 30 in. on a side, with an interior space 
filled with sand and water. These were cast in place, using six mixes and two 
combinations of aggregate. The columns (small sections at ground level) 
were 8 x 8-in. cross section and 5 ft long, cast horizontally and exposed verti- 
cally with 2 ft in the ground and 3 ft in the air. Each column was made with 


the same mix and combination of aggregates as the corresponding box-type 


specimen. The columns, box specimens and slabs are shown in Fig. 5, which 
is a partial view of the Illinois Test Plot. In addition to these specimens, the 
Georgia Test Plot included solid cubes, 30 in. on a side, cast in place. There 
were approximately 1000 specimens at each test plot. 

The effects of exposure on the specimens at the Georgia Test Plot are not 
sufficient to warrant comparisons at the present time. This is true also at the 
Illinois Test Plot, with the notable exception of three rows of 27 box-type 
specimens made with the 27 test cements. All three rows are made with 
mixes of 8-in. slump. One row is a 4!6-sack mix with an aggregate of good 
quality. The other two rows are made with an aggregate selected because of 
its poor service record; one of these is a 4!o-sack mix, the other a 6-sack mix, 
both with 8-in. slump. 
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Fig. 5—Specimens at Illinois Test Plot, Long-Time Study 


The box specimens were rated yearly by visual inspection, from 1.0 for un- 


affected specimens to 6.0 for specimens showing practically complete disin- 


tegration. Photographs representing successive degrees of deterioration 
were used as a guide to observers rating the specimens. On the basis of the 
three rows showing considerable disintegration, Type I] and Type IV ce- 
ments are slightly better on the average than Type I cements at this time, 
just the reverse of what has been observed in the tests at Florence Lake Dam. 
The comparable ratings of Type II] cements and the single Type V cement 
are not clear-cut. Extensive efforts have been made to develop dependable 
statistical relationships. between the chemical composition of cements and 
their observed performance at the Illinois Test Plot, but no consistent correla- 
tions have been found. 

With only three rows of boxes showing considerable disintegration out of the 
total of 12 rows in the original layout, any conclusions relating to relative 
performance between cements or between types of cement must be considered 
tentative, and final conclusions must await the further development of dis- 
integration in the remaining specimens. In contrast to the relatively small 
differences between cement types, the effect of air entrainment is striking. 
In the three rows of specimens showing extensive disintegration among non- 
air-entrained concretes, the ratings at 10 years of the 18 boxes made with air- 
entraining cements are almost perfect. In the entire series of 84 box specimens 
made with air-entraining cements, the same holds true. 


SUMMARY AND CONCLUSIONS 


At the time the Long-Time Study was undertaken, the belief was general 
among engineers that composition and fineness are important factors deter- 
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mining the performance of cement in concrete structures. It was recognized 
that conditions in the manufacture of the cements might also play an im- 
portant part in determining their behavior. However, the mechanisms by 
which manufacturing conditions affect the actual chemical nature of cement, 
and consequently affect its behavior, were not well understood. The 27 
cements of widely different compositions and a considerable range in fineness, 
manufactured under close observation, and then used in structures of many 
types, subjected to a wide range of exposures, have provided a basis for the 
study of factors affecting the performance of cement in concrete with regard 
to durability, as envisioned in the original outline of the investigation 

It is intended that the Long-Time Study of Cement Performance in Con- 
crete be continued for many years, and it is recognized that future observa- 
tions and studies may modify, at least in some degree, any conclusions which 
may be drawn now. The following conclusions here stated are based on 
evidence accumulated during ten years of observation of the various strue- 
tures and exposure plots involved in this study. 

1. Cements of the Long-Time Study were well made and met applicable 
specifications in all respects. They differ in varying degree with respect to 
water requirement, early hardening characteristics, tendency to premature 
stiffening and bleeding capacity. They differ also with regard to their effect 
on durability of. concrete, which is the principal concern of this study. How- 
ever, no consistent order of durability is evident among the non-air-entraining 
cements. Some, which have shown high durability in certain exposures, have 
exhibited relatively low durability in others. Even in the same exposure, as 
for example at the Illinois Test Plot, non-air-entraining cements which per- 
formed well in some concrete mixes are not necessarily among those which 
performed well in others. 

2. There is no consistent correlation between the behavior of concrete 
exposed to freezing and thawing and the chemical composition or fineness of 
the cement, except in cases of exposure to freezing soon after the concrete 
was cast. In those cases (in which the slow hardening cements appeared to 
be particularly susceptible to damage) there had been only a short curing 
period, with little or no drying before exposure to freezing. The rate of 
hardening of cement is affected by composition and fineness, so that under 
these special conditions, durability might appear to be dependent upon those 
factors. : 

3. No relation has been found between kinds or sources of cement raw 
materials and performance of the cements in concrete. 


1. For cements within the usual ranges of composition and fineness, normal 


differences in manufacturing procedures and conditions do not appear to be 
significant with respect to the durability of concretes made with them 


5. The resistance of concrete to attack by solutions of sulfate salts increases 


with reduction of potential (34 content in the cement. Air entrainment 
improved the performance of almost all of the specimens exposed to alternate 
drying and soaking in solutions of sulfate salts. 
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6. There is overwhelming evidence to show that the proper use of air 
entrainment enormously increases the ability of concrete to endure freezing 


and thawing without deterioration. Air entrainment is found to be partic- 


ularly beneficial in preventing scaling when chloride salts are used for ice 
control on concrete pavements. 

7. These beneficial effects of air entrainment extend to concretes of high 
slump or low cement content. Nevertheless, it should not be concluded that 
air entrainment nullifies the need for good aggregates, proper mix design, or 
sound construction practices. 

8. A principal object of this study was to investigate the effects of cement 
composition, fineness, and conditions of manufacture on the behavior of 
cements in conerete. It has now become evident that the behavior of ce- 
ments in concrete cannot be adequately expressed or understood solely in 
these terms, and that the usual methods of testing and analyzing cements 
provide an incomplete basis for predicting their behavior. There is much 
reason to believe that unexplored physical properties or physico-chemical 
aspects are most important in this connection. The committee recommends 
that the investigation be continued and that greater emphasis be given to 
more fundamental properties of the cements and the pastes they form. Such 
an approach may provide specific information by which differences in per- 
formance of the structures may be explained. 
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Discussion of a paper by Advisory Committee, Long-Time Study of Cement Performance in 
Concrete: 


Ten-Year Report on the Long-Time Study of 
Cement Performance in Concrete’ 


By M. SPINDEL and AUTHORS 


By M. SPINDEL# 


Soon after the International Congress on Large Dams in Sweden in 1933, 
representatives of various countries, especially European, began to influence 
governments, manufacturers, and users of cement to manufacture and use 
special cements. In their opinion, damage to concrete structures was due 
to modern portland cements, and the ordinary and high-early strength cements 
were suitable only for more protected structures. For nearly all other struc- 
tures exposed to water and weathering several different types of special 
cements were necessary. 


Although many shared this opinion and published it in leading periodicals, 
the writer strongly opposed these views.' It was pointed out that damage 
to concrete dams and other hydraulic structures was mainly due to improper 
concrete design. The writer agreed that with special cements some properties 
of concrete could be improved, but only at the expense of other properties, 
such as strength. Therefore, it was concluded that special cements combin- 
ing all desirable properties and avoiding all disadvantages were not likely 
to be developed, and that better results could be obtained by the addition 
of suitable admixtures. 


Although the beneficial effect of admixtures was based on research and 
practical experience it took several years before they were generally accepted. 
This was partially due to lectures by Bates? in the United States. He called 
attention not only to the advantages obtained with entrained air, but also 
pointed out that, in his opinion, other improvements on cement and con- 
crete could be achieved with then still unknown admixtures. 


From the paper now under discussion and a previous paper by Jackson and 
Tyler® it now appears ‘“‘proven” that the beneficial effect of admixtures on 
concrete durability is superior to that of special cements. The fact that a 
low percentage of alumina or (;A in the composition of portland cement 
improves mortar and concrete resistance to attack by sulfates does not lessen 
this conclusion. 
__*ACI Journat, Mar, 195 
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More research is necessary in the admixture field as brought out in the 
eighth conclusion in the section “Summary and Conclusions,” especially the 
recommendation ‘that the investigation be continued.” 

It is true “that normal methods of testing and analyzing cement provide 
an incomplete basis for predicting their behavior,” but that does, of course, 
not mean that the type and quality of the portland cement, tested by normal 
methods, are not important. On the contrary, both type and quality are of 
great importance. For example, Pearson* considered Type III portland 
cement first in the progress of cements during the past 25 years. Because 
of improvements in manufacture and quality of Type I portland cements, 
the importance of Type III was lessened for some time; but it is again highly 
important, because of its high-early strength characteristics, which are neces- 
sary for prestressed construction. 

A good quality cement of each type is always advantageous, especially with 
suitable admixtures, as for example, the cements used in the committee’s study; 
they were of high quality and met cement specifications in all respects. Apart 
from the quality of portland cements, which is controlled in its manufacture 
the remark in conclusion 7 of the “Summary and Conclusions” is important, 
namely that “it should not be concluded that air entrainment nullifies the 
need for good aggregates, proper mix design, or sound construction practice.” 
It may be added that suitable admixtures often help to eliminate, to a certain 
degree, the disadvantages of poor quality cements and aggregates. 

With regard to the beneficial effect of admixtures, it would be well to under- 
line the statement in conclusion 8 of the “Summary and Conclusions,’ namely 
that ‘There is much reason to believe that unexplored physical properties 
or physicochemical aspects are most important in this connection.’’ Although 
these have been investigated and the results published in papers and dis- 
cussions in the ACI JourNa frequently in the past 10 years, we are still 
at the beginning in explaining the physicochemical aspects in question even 
with regard to air entrainment, which has been foremost in these investigations 


The limitation of 3 to 6 percent entrained air in concrete and control of en- 


trained air in the same way as the water-cement ratio were recommended by 
the writer in a previous JOURNAL discussion.’ Other recommendations re- 
garding the importance of determination of size, shape, and distribution 
of air voids in combination with absorption tests to find the so called 
“saturation coefficient,” are still in the experimental stages, although used 
for some time by experienced investigators in well-equipped laboratories. 


As pointed out in the last JourNAL discussion by the writer,® air has to be 
considered an important constituent of concrete, and there are different 
types of air to be considered in fresh and hardened concrete. Air voids may 
be due to poor aggregate grading, unsuitable water-cement ratio, difficult 
workability, and compaction to name a few. These irregularly-shaped air 
voids only increase the void-cement ratio and are harmful to strength, im- 
permeability, and durability. 





LONG-TIME STUDY OF CEMENT PERFORMANCE 616 - 3 


The other type of air in concrete is entrained air, which is useful if within 
certain limits. This air actually consists of bubbles, not really entrained 
but due to a partial or complete conversion of harmful air voids into useful 
air bubbles by means of admixtures added to the concrete. Unfortunately, 
the apparatus used to determine the percentage of entrained air does not 
indicate how much of the air belongs to the harmful air voids and how much 
to the useful air bubbles, but by using suitable air-entraining agents which 
reduce the water-cement ratio, this ceases to be a difficulty in practice. 

In a European periodical a guide was published? in which the upper limit 
of air in fresh-made concrete without air entrainment was given as | percent 
and !5 percent in harmful water and soil of strong and weak attack, respec- 
tively. For air-entrained concrete the upper limit was 5 percent. 


ven after the importance of admixtures, especially air entraining, was 
proved by the work of the Advisory Committee, there still remain more 
questions to be dealt with in this connection. For example, the effects of 
mechanical methods used in combination with admixtures, such as vibration, 
vacuum drying, and prestressing. 
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AUTHORS’ CLOSURE 


The Advisory Committee of the Long-Time Study of Cement Performance 


in Concrete wishes to thank readers of the ten-year report and, in particular, 


Mr. Spindel, who has discussed the paper constructively at some length. 

Some of the suggestions offered by Mr. Spindel have been under study for 
some time. Among the foremost of these, according to our opinion, is an 
examination into the effects of void size and distribution in air-entrained 
concrete. Effects of water-cement ratio, aggregate grading, and other factors 
are a part of the study. 

As Mr. Spindel points out, “ there still remain some important questions 
to be dealt with...” It is our hope that the ten-year report has helped to 
focus attention on important and productive lines of study. 
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Fig. 1—Prestressed concrete box girder bridge over Neckar Canal at Heilbronn, Germany. 

Continuous over three spans (62, 315, and 62 ft), depth at midspan 5 ft 3 in.; depth-span ratio 

1/56. Design had to be approved by American Army engineers to carry 70-ton tanks—a 
loading greater than AASHO—H20-S1 6-44 


SYNOPSIS 


One of the major problems in the design and construction of continuous 
prestressed concrete beams is the friction between the prestressing steel and 
the cable casing. Measures for reducing this friction are discussed and include 
the use of sliding provisions in the cable channels, concentrating the prestress- 
ing steel in a few cables, and arranging the cables in horizontal layers instead 
of a circular or ringlike arrangement. Instead of curving the prestressing 
elements continuously, it polygonal shape can be used, made up ol long straight 
lines and short curved sections feducing friction without disturbing bond 
of the cables to the concrete can be accomplished by keeping the proper rela- 
tionship between straight and curved portions. By the use of these measures, 
friction coefficients as low as 0.07 have been attained on a three-span girder. 


INTRODUCTION 


Analysis and design of continuous prestressed concrete beams have been 
dealt with numerous times during the last few years and such procedures are 
relatively simple. On the other hand, the question of suitable construction 
and its execution deserves increased consideration. The following discussion 
of design and construction procedure is based upon experience gained in 
constructing more than 34 bridges (Fig. 1 and 2). 

In the case of continuous beams it is necessary to consider not only vary- 
ing moments but also changes in sign of moments, which means that in the 
center of the spans the prestressing units must be placed at the bottom, while 


over the pier they must be placed at the top. There is no doubt that for 


*Received by the Institute Nov. 6, 1952 Title No. 49-43 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Instrrute, V. 22, No. 7, Mar. 1953, Proceedings V. 49. Separate prints are available at 50 cents each 
Discussion (copies in triplicate) should reach the Institute not later than July 1, 1953. Address 18263 W. Me Nichols 
Rd., Detroit 19, Mich 

tConsulting Engineer, Stuttgart, Germany. 
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Fig. 2—Prestressed concrete flat slab bridge continuous over five spans at Neckargartach, 
Germany. Each span is 142 ft long; depth at midspan is 4 ft 8 in.; depth-span ratio is 1/30. 
The prestressing of the five spans was done in one simultaneous operation at one abutment only. 


continuous beams of constant moment of inertia, equally loaded parabolically 


curved prestressing elements are most suitable for minimizing tensile stresses 
and counteracting shear forces (Fig. 3). 

It has been observed, however, that prestressing units curved in such a 
manner, Which are to be post-stressed, show considerable friction depending 
upon the type of cable casing and the degree of curvature, which reduces the 
applied prestressing force. Under unfavorable conditions friction is so great 
that even by the second span of a continuous beam a great part of the pre- 
stressing force has been lost. 

Attempts have been made to eliminate this condition by using straight pre- 
stressing cables and by changing the cross section of the girder in such a way 
that the girder’s center of gravity line occupies the desired position with re- 
spect to the axis of the prestressing cable. For straight prestressing units, 
the top and bottom of the girder is generally curved (Fig. 4). However, the 
curved top of a girder is not suitable for a flat roadway and requires concrete 
fill over the piers which is unsuitable for the roadway because of tension cracks. 
The design of continuous girders with straight prestressing cables is difficult 
and as yet unmastered and such solutions are forced and inadequate. 

By curving the bottom flange of the girder (the upper flange remaining 
straight) a compromise is obtained by which the curvature of the prestressing 
cables is reduced (Fig. 5). There are, however, numerous cases where it is 
undesirable to haunch the girder for architectural reasons. 

Friction losses in the continuous prestressing unit have to be kept small so 
that they may be removed by temporarily exceeding the required prestressing 
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Fig. 3—Continuous straight girder with curved stressing cable 
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Fig. 4—Continuous girder with straight stressing cable and curved concrete gravity line 


force for the critical sections. This has to be done cautiously; exceeding the 
required prestressing force is permissible only if the stresses are negligible 
so that permanent deformation of the prestressing cables does not occur. 
The illusion of increased stresses is thus avoided. 

An arrangement used to reduce friction losses developed with curved pre- 
stressing cables consists of the use of overlapping intermediate anchorages 
(Fig. 6) by which the length of the prestressing unit is reduced. However, it 
is necessary to place several straight or slightly curved prestressing cables 
over the entire girder length initially to prevent cracking at the point of in- 
termediate anchorage. 

For intermediate anchorage, the prestressing units are brought out from the 
beam or roadway slab in an upward or downward direction. They have to 
end in an obtuse angle so that no damaging stress concentrations are created 
at the stressing point. Accordingly, long stressing cavities large enough to 
provide space for building in the jacks are needed. After prestressing, these 
holes are filled with unstressed concrete which is subject to tensile stresses 
and, furthermore, shrinks away from the old concrete and is not monolithic 
with the structure. 

At the intermediate anchorages, undesirable stress disturbances occur due 
to the concentrated effect of the prestressing force in a uniformly prestressed 





























Fig. 6—For stressing cable with intermediate anchorages straight continuous stressing cables are 
also required 
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Fig. 7—Stress disturbances with danger of cracking at concentrated intermediate anchorages 


area (Fig. 7), which require a small amount of reinforcement, since cracks 
next to the anchorage points are not always avoidable. Danger of cracking is 
created by the fact that the compression effected by the straight prestressing 
unit on the area of anchorage is low compared to the stresses existing right in 
back of the anchorage. Therefore, tensile stresses in the concrete next to the 
anchorage slot are unavoidable. 

The continuous cable adjusted to the moments by curvature will avoid these 
disadvantages, provided the question of friction is solved satisfactorily 


FRICTION PROBLEMS 


In many practical tests and trials, the writer has found ways and means to 
reduce friction resistance or to equalize stress losses produced by friction 
Friction depends on the following factors: 

1. Friction coefficient between prestressing cable and the cable channel. The friction 
coefficient as such is dependent on (a) surface properties (for instance, rust formation on the 
prestressing steel or the sheathing prior to prestressing), (b) tightness of the cable casings 
against penetration ob mortar when concreting, (¢) pressure of the prestressing cables against 
the casings, and (d) hardness difference between the prestressing steel and its casing 

2. Pressure created by the normal reaction due to the change of angle of the prestressing 
units 

3. In multiple prestressing units (cables), the arrangement of the wires or strands in the 
casing and the wedging of one layer into the next. 

1. Deviation of the channels from the required position 

5. In multiple prestressing units which are not prestressed simultaneously, the binding of 
the prestressed and unprestressed wires. 

Friction resistance depends on many factors which often cannot be judged 
reliably; in part, they are dependent on the care and accuracy in construction 

Tests and observations have shown that friction coefficients may vary 
greatly, depending on whether we are dealing with sealed wire, with or without 
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rust, with wire strands or cables with hard or soft sheet metal sliding plate, 
ete. Table 1 shows a few measured friction coefficients. ! 

High friction coefficients are created when hard wires, for instance, with 
scales and rust are buried into softer sheet metal. In the case of thin sheet 
metal casings around the prestressing cables, the sheath may be worn through 
so that the prestressing wires slide against the concrete. Considerable friction 
resistance is also created by lateral binding in curved sections. While steel 
on steel friction coefficients, depending on the described influences, attain 
values of 0.12-0.4, friction coefficients of up to 0.7 have been observed when 
relating the loss of prestressing force only to the normal pressure, 7.¢., lateral 
binding and other influences have multiplied the expected friction resistance 

Table 1 shows that by using a sliding detail between hard and smooth sheet 
metals the friction coefficient can be reduced to 0.02, a value which generally 
corresponds to that of a roller bearing. The lowest value has been obtained 
with paraffin which has the favorable property of increasingly reducing 
the friction the higher the pressure; moreover, it is harmless to steel and to 
injection mortar. The sliding provisions render the prestressing procedure 
independent of the rust and other surface roughnesses of the prestressing 
wires or cable channels. 


TABLE 1—FRICTION peeaiie af STRESSING WIRES ON VARIOUS 


ERLAYS 


Type of prestressing wire Underlay Friectior 


coefficient 


5 St 160 Smoothly finished concrete} 
> St 160 toughly finished concrete 
» $ St TSO Black sheet metal 
J St 160 Black sheet metal new 
St Ribbon steel St 120 
Black sheet metal rusty 
Rough surfaced concrete 
Black sheet metal new 
Black sheet metal, rusty 
Ribbon steel 60 
Ribbon steel St 120 


0.20-0.31 
0.35 0.44 
0.18 -0.22 
0. 16-0.22 
0.12 0.14 
0.44 0.44 
0. 50-0. 5H 
Oo. Ys Oo. Sl 
0. 30-0.39 
0.17 0.20 
0.12-0.14 
Smooth surface concret 0 0.40 


1SO Rough surface concer 


t Is0 Black sheet metal 


¢ t ISO Black sheet metal 
150 mm 
2st 1S0 

4 mm 


Ribbon steel St 60 


2 St ISO Ribbon steel St 120 
4) mim 
Black sheet metal St 37 
transverse movement not 
prevented 
lransverse movement 
prevented 
Ribbon steel St 60 


Ribbon steel St 60 
Ribbon steel St 140 
Paraffir 
Paraffin 
Paraffit 
Paraffir 
Paraffi 
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Fig. 8—Comparison of bond stresses for reinforced concrete and prestressed concrete for simple 
span girder due to uniformly distributed load 
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On the other hand, bond between prestressing unit and girder must not be 
disturbed appreciably since all breaking tests have so far shown that resistance 
to rupture is dependent upon bond and that, generally, the desired factor ot 
safety against failure is 2.5. If the prestressing units are not bonded, this 
safety factor can be obtained only by heavily reinforcing the section. The 
prestressing unit should slide easily during prestressing; while at the same 
time, after injection of pneumatic mortar, it should be bonded closely to the 
surrounding concrete. These two tasks contradict each other if sliding 
provisions are used to reduce friction. 


Soth aims are attained, however, by using a polygonal shape made of long 


bn] 


straight lines and short curved portions instead of curving the prestressing 


units continuously. If the provisions for sliding at the curved portions are 
short in comparison to the straight lines in between, they will not disturb 
the bond. On longer curved portions, effective bond at least on three sides 
of the cable channels can be obtained by special means. 

If sliding provisions are utilized, practical and economical considerations 
force us to have the prestressing steel in as few cables as possible. It 1s 
simple and inexpensive to build into a sheet metal channel of, for instance, 
15x 15-em cross section, sliding bases in few curved portions; it would be ex- 
pensive and complicated, however, to make the same provisions for 50 small 
metal tubes with 30-mm diameter prestressing units. For larger girders, 
therefore, friction reducing measures are practically possible only by grouping 
stressing steel into a few sheet metal channels, as is the case with the row 
widely accepted Baur-Leonhardt method. 


BOND OF CONSOLIDATED PRESTRESSING CABLES 


Initial objections to concentrating the stressing steel in regard to the bond 
stresses have been disproved theoretically and by test results. The basic 
difference between bond stresses of reinforced concrete in the cracking zone 
(stage IT) and prestressed concrete with its undisturbed tension zone has been 
established (Fig. 8). Since the bond is generally created after dead load is 
carried without bond, the bond stresses are created only by live load and are 
thus much smaller than the comparison shown in Fig. 8 Under live load 
they are so small that, even under considerable shear forces, they do not cause 
difficulties and it is superfluous to prove that they occur, even for concentrated 
prestressing units. 

On the other hand, resistance against rupture is influenced by the degree of 
bond. Cracking tests on 20-m beams? show that the required cracking re- 
sistance may be obtained easily by using ordinary black sheet metal sheaths, 
cables consisting of strands, and injection mortar with low water content 
and corresponding high strength. Due to their surface, the strands have 
considerable sliding resistance (shear bond) so that the sliding of the cable is 
dependent only on the partition surfaces formed by the cable casing between 
mortar and conerete. Had the tests shown a premature sliding of these sur- 
faces, the bond could have been easily increased by using profiled sheets. At 
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Fig. 9—Arrangement of wires in 

horizontal layers leads to smaller 

friction resistance than the circular 
arrangement (Leoba method) 








critical locations, resistance of the shear bond could be increased by reinforcing 
the surrounding concrete. There is, therefore, the possibility, especially 
with grouped prestressing cables, of increasing the bond and thereby crack- 
ing resistance beyond the practical requirements. One must bear in mind 
that cracks can occur only after exceeding the permissible working load. 
Moreover, the crack interval may be favorably influenced by small bars 
placed next to the edges of the section in the tension zone if partial prestress- 
ing is used and cracks in the concrete are accepted.® 


ARRANGEMENT OF GROUPED PRESTRESSING CABLES WITH SLIDING PROVISIONS 


The way the strands or wires are arranged in the cable channels is not with- 
out Importance. Circular or ringlike arrangements frequently cause lateral 


binding and make maintaining uniform spacing necessary for perfect grouting 


difficult. It is, therefore, advantageous to assemble prestressing wires in 
horizontal layers. For small prestressing cables of 12 wires (Leoba stressing 
units, see Fig. 9), arrangement in two layers of six wires each has reduced fric- 
tion 50 percent. With horizontal layers, simple spacers with stamped teeth 
provide uniform spacing both between layers and between wires. The 
spacing may be small because between round wires, and even more so between 
strands, sufficient space remains for grout injection. In a similar way, strands 
in horizontal layers arranged with simple spacers form large cables as shown 
in Fig. 10. Curved portions have to be restricted closely at the sides so 
that no strand can push horizontally between two strands of the next laver 
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Fig. 10—Cross section of sheet 
metal box at the straight portion 
of the cable trajectory showing 
a 300-ton prestressing cable con- 
sisting of stranded wires. There 
is no contact between the stressed 
cable and the sheet metal box 
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Fig. 11—Cross section over the 
support of the same stranded 
wires with sliding plates 
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and cause binding. Depending on the curvature, adequate widely spaced 
metal sheets have to be placed between the various layers to transfer the 
normal reaction from layer to layer without excessive lateral stresses. For 
the same reason the sheet metal box in the area of the direction change has 
to be curved. Radius of curvature has to be selected as to transfer the normal 
reaction over a curved steel sheet onto the concrete of the structure with a 
maximum compression of 1140 to 1700 psi. 

Theoretically, to reduce the friction, it would be sufficient to place sliding 
bases on the side under pressure. In practice, however, friction forces show 
up on the side walls also. Depending on the number of spans to be pre- 
stressed continuously and the total angle of curvature, sliding surfaces have to 
be provided on the sides to reduce that friction. This may be attained by 
sliding plates; Fig. 11 shows a section through a curve point so equipped. 


Between the curved portions the cable channel should be wider than the 


cable cross section so that the cable will not touch the channel at any point 


during prestressing and so that deviations from the required straight line 
occupied by the cable between these points—unavoidable in practice-—can be 
equalized. 

These measures for reducing friction have been used successfully in many 
continuous-girder bridges. The measured decrease of prestressing force of a 


TABLE 2—FRICTION COEFFICIENTS TO BE USED FOR THE DESIGN OF STRANDED 
CABLES ONLY 


Simple black sheet metal channels 


St 100 to St 140 ribbon steel cable chaanels on the side of nor 
mai pressure, remainder in black sheet metal 


Cable channels made completely of hard ribbon steel where the 
cables are not prevented from spreading 


Cable channels made completely of black sheet metal, however, 
provided with paraffin coated sliding plates against normal 
pressure, but not at the sides 


Where cable channels are narrowed at a few curved points 
cable supported on three sides with paraffin coated plates 0.10 
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girder over three 35- to 45-m spans showed (calculated for the normal reaction 
only) a friction coefficient of 0.07. Since this value includes lateral binding, 
friction of the stressing blocks, and other resistances, the friction coefficient 
as such is smaller. 

Success of the friction reduction depends, however, on careful and reliable 
construction. Friction resistance for the strand cable should be calculated 
with the friction coefficients indicated in Table 2. In case the actual friction 
is more favorable, this will be realized when comparing the elongation of the 
prestressing unit with the prestressing force and will be taken into considera- 
tion by using a lower stressing force. 

With such values, four to six spans with curved portions totalling an aggre- 
gate of 140 deg may be prestressed continuously by temporarily increasing the 
prestressing at each abutment by 15 to 20 percent beyond the design value 
When the prestressing is reduced to the required force, a stressing pattern is 
obtained similar to that shown in Fig. 12 for a four-span girder; 7.e., an excess 
of prestressing force remains over the first and third pier, which generally is 
not harmful if the steel stress for the required prestressing force has not been 
selected too high, and if there is enough compression left at the bottom fiber. 

Several observations have shown that the difference between prestressing 
forces are further equalized by waiting a few days before grouting if the bridge 
is subject to variations in temperature and small loads. 

If one is faced with more than four to six spans or a relatively deep girder, 
prestressing cables concentrated in a few sheet metal boxes offer the possi- 
bility of leaving a window open in the concrete and adding a wedge shaped 
cone over the cable, which is encased with cement mortar after prestressing. 
Hydraulic jacks are then inserted between cone and structure which ad- 
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Fig. 12—Decrease of the prestressing force due to friction, equalization by temporary increase of 
the prestressing force 
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Fig. 13—Suitable location of an 

auxiliary stressing point H to 

overcome friction in continuous 
girders with many spans 











ditionally stretch the cable while at the structure abutments the jacks are 
under constant full pressure. Elongation corresponding exactly to the 
complete prestressing force can thus be produced in each span. <A small 
part of the prestressing force which was lost because of friction has to be 
applied on the cone. In the case of large structures, arrangement of such 
additional stress locations in every span does not cause any difficulties, partic- 
ularly when the window in the web of the main girder is arranged similar to 
Fig. 13. 


RESISTANCE TO RUPTURE OVER INTERMEDIATE SUPPORT 


So far, we have considered only the safety factor against failure of simply 
supported beams where cracking occurs in the center of the span, 7.e., in an 
area subjected to small shear forces. With continuous beams, however, 
cracking may occur at the supports also, 7.e., in an area with high moments 
and high shear forces. 

When considering cracking at the support, at the first upper cracks a trans- 
fer of moments occurs, center span moments getting larger, support moments 
smaller. Consequently, cracks soon occur in the bottom of the span. The 
prestressing force and the moments, however, cause a great part of the con- 


crete cross section at the center of the span (on top) as well as over the piers 


(at the bottom) to remain free of hairline cracks and strongly compressed in 
the longitudinal direction (Fig. 14). 


The moment over the support is absorbed as long as the tensile strength of 
the continuous cable and the flexural strength of the lower concrete zone is not 
reached. Here the customary proof of the critical moments (failure moments 
is applicable, and it is questionable, because of the re-distribution of moment, 
whether to require the maximum support moment to be multiplied by the 
safety factor. 

The shear forces are transferred in part by the cable acting as a suspension 
structure and in part by the arch effect of the compressed concrete zone. The 
cable along its curved portion over the support transfers a considerable 
part of the shear force in a downward direction. The concrete under the 
cable curvature can be compared to a row of columns between cable and 
support and is to be provided with column-like reinforcement. As long as 
these columns remain capable of supporting the cable the bridge will hang 


from the cables, even when the lower compression zone has already failed 








Fig. 14—-Continuous girder with curved stressing cables at cracking 
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Fig. 15—Forces over the intermediate support of a continuous girder at cracking 


(Fig. 15). Due to the continuous cable the bridge as such has the effect of 
a self-anchored suspension bridge, the support columns representing kind of 
a cable saddle, the compressed concrete zone absorbing the horizontal com- 
ponent of the cable. 

The critical shear force (7.e., the shear force which may be absorbed immedi- 
ately before failure) can be increased to the sum of the vertical components of 
the cable under load. However, the cable saddle must not be rounded out 
excessively; its length should not be greater than 0.9 times the girder height 
sO that the cable forces lead steeply to the support. The concrete has to be 
transversely reinforced immediately under the stressing cables. 

The lower compression zone can absorb considerable shear forces beyond 
the effect of the inclination of supports of the imaginary arch since the stresses 
there are to be combined with the high longitudinal stresses and thus result 
only in relatively low principal tensile stresses. Therefore, this zone will 
more likely be destroyed by high flexural stress than by the principal tensile 
stress. 

These remarks show that it would be impractical to calculate or even to 
place stirrups or tensile reinforcement according to the normal specification 
for reinforced concrete to resist shear at the intermediate supports. It is 
much more reasonable to heavily wind the lower concrete compression zone 
and the support columns under the cable supports to increase their compressive 
resistance (Fig. 16). It is also misleading to calculate principal stresses for 
concrete expected to be free of cracks due to the shear forces and moments 
increased by the safety factor to arrive at additional reinforcement. 

For continuous cables the shearing strength due to the above mentioned 
effects and reinforcements is superior to the moment resistance and design 
may be limited to design for the failure resistance for moments for the cus- 
tomary loading specifications. In the case of all failure tests performed so 
far with prestressed concrete girders, failure was not caused by shear forces 
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Arrangement of reinforcement over supports in reinforced concrete 
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Arrangement of reinforcement over support for prestressed concrete 
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W = spiral reinforcement in web 
Fig. 16—Basic difference of practical reinforcement of girders over intermediate supports for 
reinforced concrete and prestressed concrete 
provided the entire stressing force was carried through to the end of the 
girder. 

For single stress members with intermediate anchorages, which at time of 
cracking are frequentiy located in cracked zones, the same favorable effect 
cannot be expected. Therefore, continuously prestressed members are ad- 
vantageous also for the failure resistance of bridges over intermediate piers. 


ADVANTAGES OF CONTINUOUS PRESTRESSING MEMBERS 


Due to the concentration of the stressing into few cables, it is also necessary 


to group the anchorage. This results in a simple, technically practicable 
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Fig. 17—End block and pre- 

stressing units in formwork for 

three-span (110, 136, and 110 

ft) continuous highway bridge 

over Inn River at Neubevern, 
Germany 


solution of loops around concrete blocks* (Fig. 17 and 18) as has been used 


by Freyssinet. The wires can also be anchored in hooklike fashion and the 


concrete strengthened with spiral reinforcement; it is true, however, that in 
this case the bond of the wire with the concrete is destroyed somewhat by 
the high steel elongation. Hydraulic jacks may be placed between these 


concrete blocks and the structure. It lends itself to stressing all the blocks 


interconnecting the hydraulic jacks. In 
this way the prestressing force can be distributed uniformly on the entire 
section 


of a structure simultaneously by 


With electrically driven pumps even the stressing of large struc- 


Fig. 18—Slinglike anchorages on stressing blocks for a railroad bridge with five continuous spans 
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tures with several thousand tons prestressing force requires only a few hours 
Either jacks with long cylinders may be used or the prestressing blocks may 
be temporarily blocked after finishing a portion with shorter jacks. The 
jacks can then be moved and the prestressing blocks again jacked. 

In the case of a continuous girder, prestressing forces introduced at the 
end of the girder progress smoothly and uniformly over the entire structure 
length. Reactions caused at curve points adjust to the changing moment 
pattern without disturbing the stresses as do the intermediate anchorages. 


Continuous stressing units stressed simultaneously are suitable to protect 


even long structures from temperature and shrinkage cracks during initial 
setting of the concrete. Experience shows that lightly reinforced concrete 
structures will remain free from cracks for a few days only if they are 12-18 m 
long, have approximately uniform cross sections, have been produced with 
favorable cements and under favorable mixing conditions, and have been 
cured carefully. Longer structures have to be divided by temporary con- 
struction joints which are arranged, considering the scaffolding deflections, 
over the piers or over the scaffolding supports. These gaps are filled if possible 
in one day. After moderate setting of the concrete in these joints, the girder 
with continuous prestressing cables can be put under moderate stress, which, 
on one hand, may easily be accepted by the green concrete in the construction 
joints, and on the other hand is sufficient to prevent the cracks which are 
unavoidable in unprestressed concrete. Since the prestressing units are only 
slightly prestressed, no harmful stresses occur at the anchorage. 

Due to the early but moderate prestressing, the concrete is subject to 
plastic flow before the actual prestressing procedure so that, for the final 
stage, stress losses in the steel due to creep are decreased. Care must be taken 
to have, in case of early prestressing, a stress as uniform as possible without 
great differences between upper and lower edge; otherwise considerable 
plastic flow of green concrete may lead to permanent deflections of the girder. 
Most of the time uniform stress is assured, since with the low stressing force 
no noticeable unloading of the scaffolding occurs. 

Weight of the girder is constantly re-distributed, after further stressing, 
in direction of the piers and abutments. The scaffolding is unloaded; it fol- 
lows the girders and in this way does not free the dead weight of the girder. 
If one is dealing with high scaffolding or with long-span steel beams acting as 
scaffolding, it is necessary to provide for timely lowering of the scaffolding 
to show the effect of the dead weight. Also, the concentrated cable and pre- 
stressing equipment offer the advantage of permitting interruption of the pre- 
stressing procedure as soon as a stress sufficient for supporting the dead 
weight is attained. The scaffolding is then decentered, the dead weight shows 
its full effect, and prestressing is then completed. Finally, the creep of the 
cold drawn steel can be neutralized by withholding grout injection for 10 or 12 
days and by once more increasing the prestressing force by the creep losses 
incurred so far. 


All these measures would not be economically feasible if it were necessary 
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to serve 100 stressing points instead of two and if each wire had to be handled 
individually. 

The continuous and grouped prestressing cable also offers. great bond 
advantages. It has previously been mentioned that cable channels can be 
formed of profiled sheet metal and thus lead to higher bond. It is even more 
important that with the few cable channels it is easy to always inject grout 
from the lowest point and to air-vent at the highest point. The lower in- 
jection point is also used to remove water penetrating into the cable channel 
during construction. The mortar should be injected slowly upward so that 
no air will be trapped in the channel. Injection cross sections may be selected 
generously so that a stiff cement grout with low water content may be used. 
A water-cement ratio of 0.40 to 0.45 has been used with suitable cement 
to obtain a strength of 5700 to 7800 psi after 28 days. Since only few relatively 
large channels have to be grouted the injection is simple, cheap, and reliable. 

It is definitely more advantageous to deal with grouped continuous pre- 
stressing cables than with small single prestressing units, when controlling the 
stressing pattern and performing other tests. The stressing pattern may be 
checked long after completion of the stressing procedure. It is not difficult 
to check either the attained stressing pattern or the elongation of all wires 
or strands for uniformity through windowlike openings in the web of girders 
or in the slab above the piers. The inspecting engineer does not have to 
depend on the reliability of the workers performing the work but he can see 
after temporary absence whether the prestressing was executed correctly. 

Due to the tight grouping of the wires into few cables, the prestressing 
units require only a small prestressing channel cross section so that they only 
slightly weaken the concrete cross section required for the web or the flanges. 
There is sufficient space, even in the case of relatively narrow webs, to intro- 
duce stiff concrete with large aggregate and low mortar contents which can be 
vibrated around the cable channels. At a later stage such concrete is superior 
in the highly prestressed zones of the prestressed concrete to a concrete with 
high cement contents, fine aggregate, and high water content, as is necessary 
for encasing many small closely spaced prestressing units. The stiff vibrated 
concrete shows considerably less shrinkage and also has less inclination to 
crack due to temperature produced by heat of hydration. There is therefore 
good reason to require the use of stiff concrete mixes suitable for vibration. 

In addition to the practical advantages of continuous prestressing cables, 
considerable advantages for the statical calculations of such girders are 


attained. In the case of curved cables, reactions are obtained counteracting 
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Fig. 20—Stepping of the prestressing 
cable cross — with intermediate 
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the dead weight. The horizontal components of these reactions can be neg- 
lected in the case of the customary slender girders. These negative forces 
may be used for obtaining the moments and shear forces due to prestressing 
the statically indeterminate girders simply by utilizing the influence lines 
obtained for the live load moments (Fig. 19). [It is therefore. superfluous to 
first calculate statically unknown values due to prestressing. Moreover, it is 
easv for the designing engineer to determine how to favorably influence the 
moments due to prestressing by a change of the relation of the girder to the 
cable. 

If the prestressing cables over the end supports run through the center of 
gravity of the cross section, the utilization of influence lines with the vertical 
components of the reaction is adequate to obtain the moments and shear forces 
due to prestressing. If the prestressing cable is located over or under the 
center of gravity, the additional moments have to be added. Thus the con- 
tinuous prestressing of a uniform depth steady formed girder leads to constant 
moments and shear force lines which, e.g., in the case of parabolic prestressing 
members, are similar to those of dead weight, differing only in signs. If the 
single prestressing units are terminated upward or downward, however, 
erratic moments and shear forces are obtained® which make additional rein- 
forcement necessary (Fig. 20). 

In the case of high difference in moments, as occur for example in three-span 
girders with short side spans, there is no difficulty in reducing the prestressing 
force with reducing negative moments in the center span with slinglike an- 
chorages of the prestressing cables in the roadway slab and having only the 
remainder run through continuously over the girder (Fig. 20). These loop 
anchorages do not result in unfavorably high local effects of concentrated 
force; this is advantageous for the shear flow. Such changes in cross section 
of the prestressing cable should only be used if considerable economy can be 


realized on the cross section. It has been proved in numerous cases with 
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moments of different values to be more economical to have the entire pre- 


stressing cable run through continuously since all such variations make addi- 
tional expenditure necessary by the branching off of the cable channels. 

The wires have to be placed over the prestressing block according to the 
varying location due to the different cable lengths, so that first only the long 
wires and afterwards only the short wires are prestressed until, at the end, all 
Wires are prestressed simultaneously. For the long continuous prestressing 
units, wire strands formed into cables are much more suitable than single 
wires since, due to reinforcement and hard welding joints, they can be deliv- 
ered in any length. There is practically no waste. The few loose strand ends 
are anchored by concreting them into the prestressing block. The strands 
can be delivered on spools of up to 20-30 km and can be unrolled at the site. 
It is possible to place cables into the channels by mechanical means so that 
amazingly small labor costs are incurred. In use, they offer greater bond 
resistance than heavier single wires and thus result in an excellent bond with 
the grout due to the spiralled locations of the wires. 


CONCLUSION 


Several girder bridges of four to six spans for highways and railroads have 
already been built by the described method. At present, the longest con- 
tinuously prestressed bridge, the Danube Valley Bridge Untermarchtal, of 
an over-all length of 370 m with five spans of 62/70/70/70/62/ with 18 m 
cantilevered construction on both sides, is under construction. 
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Disc. 49-43 


Discussion of a paper by Fritz Leonhardt: 


Continuous Prestressed Concrete Beams 
By DONOVAN H. LEE and AUTHOR 


By DONOVAN H. LEEt 


Dr. Leonhardt is to be congratulated on an excellent paper but several 
points deserve comment. The author’s method of obtaining continuity in 
constructing continuous bridges has the great advantage of simplicity, but 
disadvantages of inflexibility in design due to a constant prestressing force 
and, usually, heavier construction at the ends due to the large concentrated 
forces. Does the author intend to always use this extra concrete to create 
negative moment at the ends? 

There are of course several other methods of obtaining continuity besides 
those shown by the author. As compared with stressing several continuous 
spans in one operation, there are advantages in being able to stress each span 
successively and thereby re-using the formwork. The use of high-tensile 
bars facilitates this because couplers (Fig. A) may be used to obtain any de- 
sired degree of continuity, and either precast or cast-in place beams may be 
successively stressed. This method avoids the friction which the writer agrees 
can be expected with the method of Fig. 3 or Fig. 4. 

High-tensile bars utilizing couplers for continuity are, as the author infers, 
somewhat inefficient for support moments if the lean concrete fill is replaced 
by prestressed concrete. However, it is not as inefficient as might be expected 
as the depth of the haunching can often be increased considerably over that 


COUPLER _ JOINT MADE BEFORE 


TEMPORARY NUT ~_ er iil STRESSING 
& END PLATE oe 5 


BAR IN THIN METAL TUBE NEXT BEAM 


Fig. A—Couplers used as a means of obtaining continuity 


*ACI Journat, Mar. 1953, Proc. V. 49, p. 617. Dise. 49-43 is a part of copyrighted JourNnaL oF THE AMERICAN 
Concrete Instirute, V. 25, No. 4, Dec. 1953, Part 2, Proceedings V. 49 
+Consulting Engineer, London, England 
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Fig. B—Prestressed rail bridge at Rotherdam, England 
shown by the author, and this is useful for short and medium spans for either 
wires or bars. 


A bridge with equal spans, as shown in Fig. 2, will generally not result 
| : 


in as great economy by continuity as unequal spans, but in either case spans 


over about 75 ft are definitely economical. 

Guvon* has discussed continuity at some length, and it would perhaps be 
a fair summary to say that the benefits of continuity are generally less with 
prestressed concrete than with other materials, that is, there is somewhat 
less economy, but as the author has shown, there are advantages. 

Tests reported by the author on wire friction are valuable and emphasize 
the desirability of reducing curvature, properly aligning ducts, and the need 
for proper detailing of cables and positioning of the wires in them. 

With bars, however, recent experience and tests in England confirm that 
friction is almost nil if the bars are placed in well-aligned ducts either be- 
fore or after concreting. In the bridge shown in Fig. B, with bar lengths 
of 160 ft, some trouble was experienced with alignment of ducts preformed 
with pneumatic tubes; since then the writer has favored placing the bars in 
position in flexible corrugated-composition tubing before concreting and 
in this way bars up to 30 ft long are usually free enough to be moved by hand 
before tensioning. 

AUTHOR'S CLOSURE 


The author agrees with Mr. Lee, that the prestressing method utilizing 
high-tensile bars allows different methods of obtaining continuity, especially 


*Guyon, Y., “Development and Research on Prestressed Concrete Continuous Structures."’ Read at Institution 
of Civil Engineers, December, 1952 
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by using couplers, and the author emphasizes that it is not his opinion that 
large concentrated cables are the only, or the best, solution for continuity. 
Choice of the most favorable method will always depend on the size of the 
structure, the amount of prestressing force, and local economic conditions. 
But there is no doubt, that big bridges like the Danube bridge,* could not 
be built with single bars as easily and economically as with concentrated 
wire cables having a strength 80 percent higher than that of the bars. Under 
German conditions, the advantages of these cables cover spans over about 
60 ft. 

Extra concrete at the ends to cover the anchorage loops can be avoided by 
other anchorages recently developed. Negative end moments are used only 
if they are advantageous for the first span or for high abutments. The con- 
stant cross-sectional area of the cable can usually be used in all spans, and 
some surplus cable weight in a shorter end span has often proved to be cheaper 
than intermediate anchorage of parts of the cable. Formwork can often be 
used to subdivide placing of the concrete, only the centering (scaffolding) 
is needed for those spans which are to be prestressed by one cable length. 

In Germany, the author’s method has proved its economy over methods 
with bars and small wire cables for prestressed bridges under severe free 
competition. About 150 bridges have been built using this method. 

Guyon’s discussion of continuity is based on test girders which show no 
full cable eccentricity either above the piers or in the field.t| With such gird- 
ers, continuity cannot be useful, for it is necessary that the prestressing cable 
have its full lever arm in the spans as well as above the piers to obtain the 
maximum benefits of continuity. But this means a great deal of curvature 
and requires measures to minimize friction of the cable which the author 
described in his paper, and used in the field with considerable success. Also, 
it should not be forgotten, that a continuous cable acts as a safety factor at 


each point along a continuous girder and especially above the piers. 


*Leonhardt, Fritz, and Dobell, Curzon, “Wrap Around Cables Prestress Long Continuous-Girder Bridge,"’ 
Engineering News-Record, V. 151, No. 10, Sept. 3, 1953, p. 4 
tGuyon, Y., Travaur, Apr. and July 1953 
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Yield-Line Theory for the Ultimate Flexural Strength 
of Reinforced Concrete Slabs 


By EIVIND HOGNESTAD+ 


SYNOPSIS 


An outline is presented of the yield-line theory, a plastic theory for the pre- 
diction of ultimate flexural strength of reinforced concrete slabs, developed by 
K. W. Johansen.t The theory is based on plastic behavior occurring in a pat- 
tern of vield lines, the location of which depends on loading and boundary con- 
ditions. The ultimate flexural strength may be evaluated, even for complex 
slabs, with limited mathematical effort. The theoretical strengths obtained 
are in good agreement with experimental results, and generally on the safe sick 
thereof. The use of the theory is illustrated by numerical examples 


INTRODUCTION 


To carry loads safely is the primary function of most reinforced concrete 


structures. It seems proper, therefore, to base the design of such structures 


primarily on their ultimate load-carrying capacity. In many cases it is 
necessary that structures possess stiffness as well as strength to perform the 
function intended in design. It is then desirable to supplement a design 
based on strength by considerations of deflections and deformations at work- 
ing loads. 

The pioneers of reinforced concrete design used this type of design philoso- 
phy. They were primarily concerned with the strength of structures, rela- 
tively little attention being devoted to conditions at working loads. In later 
years, however, this design basis was almost reversed by direct applications 
of the theory of elasticity. The elastic theory is a powerful tool for evaluating 
stresses and deformations at the working load level, but it is unsatisfactory for 
estimating ultimate strength of many reinforced concrete structures and 
structural elements. Hence, a de-emphasis of strength resulted, and the con- 
ditions at working loads were given primary consideration. 

Recently, a gradual re-emphasis of strength has taken place in the field of 
reinforced concrete design. In most countries such a return to original thought 
is found in the methods used to proportion sections, while the use of the 
elastic theory is continued for the purpose of analyzing indeterminate struc- 
tures. For instance, the original design method for centrally loaded columns, 

*Presented at the ACT 49th annual convention, Boston, Mass., Feb. 18, 1953. Title No. 49-44 is a part 
righted JouRNAL OF THE AMERICAN Concrete INstirute, V. 24, No. 7, Mar. 1953, Proceedings V. 49. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than July 
1, 1953, Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tMember American Concrete Institute, Research Associate Professor of Theoretical and Applied Mechanics, 


University of Illinois, Urbana 
tProfessor, Danish Institute of Technology, Copenhagen, Denmark 
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the addition law, is tending to replace the concept of a transformed section 
in codes and specifications. On the other hand, examples are also found of 
codes permitting analyses of statically indeterminate structures with the 
aid of ‘a plastic theory, whereby the magnitudes of the sectional forces are 
derived considering the plastic properties of the materials.’’?! 

The theories involved in proportioning reinforced concrete sections on a 
strength basis, ultimate load design, are relatively well known in this country. 
However, only limited information regarding the plastic theory of statically 
indeterminate reinforced concrete structures is available in the American 
literature. This paper reviews some basic principles involved in estimating 
the ultimate flexural strength of reinforced concrete slabs and illustrates the 
use of such principles by examples. This branch of the plastic theory of 


structures, the yield-line theory, has been advanced considerably during the 


last two decades by K. W. Johansen, '*:!4:16.18.20,22,28,27 


ONE-WAY SLABS 


Simple span 

Although a slab simply supported on two opposite edges as a beam and 
subject to uniform loading is statically determinate, its behavior under load is 
a good illustration of the plastic properties of reinforced concrete subject to 
flexure. At loads below those initiating yielding in the reinforcement the slab 
will behave essentially in an elastic manner, though some inelasticity will 
result from flexural cracks in the concrete. 

The necessity of limiting deflections and avoiding shear failures, and at 
times also economy, leads to relatively low percentages of reinforcement in 
slabs, 0.5 to 1.0 percent being common. Failure will generally be initiated 
by vielding in the tension reinforcement at midspan, and large deflections 
will develop before the ultimate load is reached by crushing of the concrete. 

A typical example of such plastic behavior is sketched in Fig. 1 for a mem- 
ber with about 0.5 percent reinforcement. The curvature at which strain 
hardening becomes significant, and the curvature at which crushing of the 

concrete takes place, are 

spuitinare Load (Stran Hardening about 10 and 15 times that 
corresponding to first vield- 

ing, respectively. Accord- 

yielang , wal ingly, the curvature of a 
: uniformly loaded simple- 

span slab near failure will 

be concentrated in a region 

of maximum moment, aline 

across the slab at midspan. 


Such a line identified by a 





concentration of cracking 





Curvorure and curvature is an impor- 


Fig. 1—Moment-curvature relation tant concept in the ultimate 





YIELD-LINE THEORY 
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yield line; the theory is re- 
ferred to as the yield-line 





theory. A yield line is anal- 
ogous to the yield hinge or 
plastic hinge used in inelas- 
tie analyses of beams and 
frames. The terms positive 
and negative vield lines are 





often used to distinguish 
between vield lines giving 
tension in the bottom of a 





slab and those giving ten- 
sion in the top of a slab. 

In estimating the ulti- 
mate strength for design Fig. 2—Restrained one-way slab 
purposes, it is desirable to 
consider the moment per unit width at the vield level, neglecting any effects 
of strain hardening 

m Vib 2 pty, A 1 24q) (1) 
in which the tension reinforcement index q = pf,,/f.’ 

Most slabs possess a reserve strength due to strain hardening, but this 
reserve is highly dependent on the percentage of reinforcement and the prop- 
erties of the reinforcement, and it can be realized only at large deflections. 
Flexural strength of a uniformly loaded simple-span slab should, therefore, 
be expressed for design purposes by the equation 

m wl? 8 2a) 
in Which w is a uniform load per unit area, and m is the vield moment accord- 
ing to Eq.(1). The units of m are ft-lb per ft or simply Ib. 


Restrained span 

A uniformly loaded one-way slab is considered restrained at the supports 
in such a manner that yielding of the negative reinforcement and the corre- 
sponding formation of yield lines take place over the supports before failure 
Such a slab may be fixed at one or both supports, or it may be part of a slab 
continuous over several spans (Fig. 2). In the theory of elasticity the support 
moments must be determined with the aid of geometric boundary conditions 
However, restraint conditions at ultimate load are entirely of static nature 
Thus, the support moments m,’ and m.’ in Fig. 2 depend only on the proper- 


ties of the reinforced concrete sections at the supports as indicated by Eq.(1 


The restrained slab will reach its ultimate load when a positive yield line 
forms in the positive moment region of the slab span in addition to the two 
negative vield lines at the supports. Equilibrium of each slab part in Fig. 2 


then gives 
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Left: m + m, ly wor 
tight: m + mz,’ ly w (L r) 
Introducing 7; m,’/m and tg = me’/m, we obtain by eliminating 2 
w L? 


2(Wi +44 W 1 + ts )° 
with a corresponding position of the positive yield line given by 


Lt 
Vv | 

For a simple span, 7; le 0, and m = wL?/8 at zx L/2. If a ls 

1, we obtain m m’ wL*/16, while the theory of elasticity for a fixed 
slab gives m’ wh?/12 and m wh?/24. Finally, if a fixed slab is rein- 
forced according to theory of elasticity, 7; 19 2, both Kq.(2b) and elas- 
ticity gives m’ = whl?/12 and m wl? /24. 

The principles of slab action presented here as well as Eq.(2b) were experi- 
mentally verified by von Kazinezy in 1933." 


TWO-WAY SLABS 


Let us first consider slabs reinforced in two directions perpendicular to 
each other with such amounts of reinforcement that the same yield moment 
m is given by Eq.(1) for any one of the two directions. Then, if a yield line 
forms at angles a and (2/2 a) with the two orthogonal directions of rein- 
forcement, experiments have verified 7:* that the corresponding vield moment is 
m [cos® (9/2 a) + cos* al m. Hence, the yield moment is the same in 
all directions, the reinforcement is isotropic. 

If such a slab is overloaded, yielding will begin in regions of high moment, 
and as loading continues vield lines will form and spread into a pattern re- 
ferred to as a yleld-line pattern. The load-carrying capacity of the slab will 


, Simple Support Free Edge 








Column 














Fig. 3—Typical yield-line patterns 
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be exhausted when the yield lines have spread to the slab edges, at which 
load the slab reaches a state of neutral equilibrium. 

The vield lines divide the slab into several parts, and a heavy concentra- 
tion of curvature takes place in the yield lines since the plastic deformations 
are much larger than the elastic ones (Fig. 1). Near the ultimate load it is 
reasonable to assume, therefore, that the individual slab parts are plane, all 
deformations taking place in the vield lines.** It then follows that the yield 
lines must be straight, and deformations of the slab may be considered as rota- 
tions of the slab parts about axes in their supports. Furthermore, a yield 
line betweea two slab parts must pass through the intersection of the axes 
of rotation of the two parts. Fig. 3 shows some typical yield-line patterns 
for various types of slabs. An axis of rotation must lie in a line of support 
and must pass through columns. In this manner the general nature of the 
possible vield-line patterns may be determined. 

Equations of equilibrium 

Final determination of the yield-line pattern corresponding to the ultimate 
load of a slab may be made with the aid of equilibrium conditions for the 
individual slab parts. The shearing forces acting in the yield lines must then 
be found. However, since the yield moments are principal moments, twisting 
moments are zero in the yield lines, and in most cases the shearing forces 
also are zero. Thus, only the moment m per unit length of yield line acts 
perpendicular to these lines, and the total moment may be represented by a 
vector in the direction of the yield line with the magnitude m times the length 
of the line. The resulting moment for an individual slab part is then found 
by vector addition. 

Square slab 
\ simply supported square slab is considered subject to a uniform load win Fig. 4. Due to 


symmetry, yield lines must form along the slab diagonals, and equilibrium of any one of the 
four slab parts gives 


ma (wa? 4) (a/6) ol wa? /24 W /24 (4) 


in which W is the total load wa?. { Simple Support 


This equation tor the ultimate Capacity 


was used by Bach as early as 1898,' by | 


Moérseh in 1916,8 and by Suenson also in 


LEER EEE OR EEL SE TEP 6 





1916.4 Only Suenson, however, used an 
equation similar to Eq.(1) for determining 
the unit vield moment m 


~ 


Rectangular slab 


\ rectangular slab subject to a uniform 
load w is considered fixed on all four edges 
in Fig. 5. In the theory of elasticity, a fixed 


edge calls for certain geometric boundary 


SARA SSSA aS 


conditions. In the vield-line theory, how- 





" 





ever, the moment at a fixed support de- 
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pends primarily on the amount of negative a 
reinforcement provided as indicated by ene 


Kq.(1). Different amounts of reinforce- Fig. 4—Square slab 
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ment may be provided at the four edges so that m,’ = i, m, m2’ = 72, m, ete., in which m is 
the positive yield moment in the field. A simple support corresponds to i = 0. 
Yield lines should form as indicated in Fig. 5 and equilibrium of the four slab parts gives 
I. ma(l +i) = %wah;? 
II. mb(l +) = WYwh, he + Ywhsh + ow (b i hs) he? 
Ill. ma (1 + is) lg wah;? 
IV. mb (1 + 4%) Yewh he + Mwhshe + Yow (b — hy — ha) he 
From these four equations and (h, + hy = a), it is possible to determine m, hy, 
and Ay as functions of a, b, and the four i-values. It is found that 


wa, a, \* oe 
/ t 
24 b, h, 
in which the reduced side lengths a, and b, are given by 


a, 


Vv 1 
and b, ; (7) 


For a simply supported slab, i = 0 and in Eq.(5) a, = a and b, = b. Ifa = b in this case, 
Kq.(5) reduces to Eq.(4). Finally, if b> ©, m 1/8 wa,?, and Eq.(5) reduces to Eq.(2b). 


The general Eq.(5) was developed by Ingerslev in 1921.°* 


Boundary conditions 

At a free or simply supported edge, both bending and twisting moments 
should theoretically be zero. Being lines of principal moments, the yield 
lines should accordingly enter an edge perpendicular to it. Experiments 
indicate that this is the case, but the yield lines generally turn only quite 
close to the edge, the distance ¢ in Fig. 6 being small compared to dimensions 
of the slab. 

If the yield line in Fig. 6 is simplified by extending it as a straight line to 
the edge, a pair of concentrated shearing forces m, must be introduced at 
corner A of the slab parts. This pair of forces m, is the statical equivalent 
of twisting moments and shearing forces. 

In the elastic theory of slabs there are also certain difficulties with the 


’ cyxed Support twisting moments at edges, 
m: / 


x EAH KKK oe which are overcome by 





transforming twisting mo- 
ments into statically equiv- 
alent shearing forces. Ac- 
cording to Saint Venant’s 
principle, such a transfor- 
mation has a_ negligible 


effect at distances which 








are large in comparison 





with the linear dimensions 
of the surface on which 


Fig. 5—Rectangular slab the forces are changed 





YIELD-LINE THEORY 











Fig. 6—Conditions at a boundary 


The magnitude of m, may be established by considering the equilibrium 
of the infinitesimal triangle AOB shown in Fig. 6, in which AO is a finite 
length and AB is infinitesimal. Neglecting differentials of higher order, the 
moment in the section OB must equal the moment m in the yield line OA as 
mis & maximum value. Since the bending moment is zero along AB ds, 
the total moment acting on the triangle AOB is found by vector addition 

m( AO + OB) m AB m ds 
Equilibrium of moments about OB then gives 

m ds cos a@ m, ds sin a, or me m cot @ (8) 
differentials of higher order again being neglected. It should be noted that 
m, acts down in the acute corner. These boundary conditions were first 
introduced into the yield-line theory by Johansen in 1931." 


Triangular slab 

\ uniformly loaded triangular slab simply supported on two edges with the third edge free 
is shown in Fig. 7. The yield line indicated must pass through the intersection of the supported 
sides a and b, and concentrated shears, m; m cot a, must be considered to act at the inter- 
section of the yield line with free edge c. Length of the yield line is x asin (uw + @)/sin a, 
and equilbrium of moments for slab part I about support a gives 

m «COS tu m,xsin u + Y% wa (x sin u)? 
Equilibrium of slab part IL about b gives 

mx COS Uv m,xsinv + Y% wh (x sin v)? 
Solution of these two equations gives 

u=v = 7/2 

and m = \% W tan '4 ¥ 
in which the total load W 14 wab sin y. 
Virtual work 

Johansen has shown!*:'*-'8-22 that solution of equations of equilibrium 
may at times be simplified by application of the principle of virtual work. If 
the yield-line pattern is assumed known by introducing parameters such as u 
and v (Fig. 7), the position of the axes of rotation as well as the ratios between 


the angles of rotation for the various slab parts are known. Virtual displace- 


ments 6 may be chosen so that rotations take place only in the yield lines 





644 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1953 


Virtual work of the pairs of concentrated shears m; is then zero for the slab 


as a Whole. Virtual work of the yield moments for each individual slab part 


is the scalar product of two vectors, a rotation # and a resultant M of the 
moments in the yield lines. For the slab as a whole, this work of the internal 
forces plus the work of the loads must equal zero, the work of reactions being 
zero as they act along axes of rotation. 

In this manner the principle gives 


=M 9 i w 6 drdy 0 (10) 


in which summation is made over the entire slab, and integration is made 
over the individual slab parts. 

Since M is proportional to the unit yield moment m, Kg.(10) can be used 
to determine m for a given load w if the yield-line pattern is known. How- 
ever, EKq.(10) can also be used to determine the correct yield-line pattern. 
The moment across the yield lines being a maximum value, the correct yield 
pattern corresponding to a load w will give a maximum value of m from Eq. 
(10) as compared to other patterns. If a type of pattern is assumed in accord 
with the support conditions and characterized by a number of unknown 
parameters 2), Yo, %3...., Eq.(10) may be written 

m F (z\, 22, 2 , w) (10a) 
The correct yield pattern then is found by the maximum criteria 

OF oF 


0; 0;- 


; ; ,* , 
ar, OL» OF 4 


and the final yield moment m is determined by substituting the corresponding 
parameter values into Eq.(10a). 


Triangular slab 

The same triangular slab as in the previous example is now considered (Fig. 7) A virtual 
displacement of unity is assumed at the intersection of the free edge ¢ and the yield line 
Rotations of the slab parts then are 


l l 
6; - and On — 
xr sin u xr sinv 


Projections of the total yield 
moment on the axes of rotation 
are mr Cos u und mr cos v, Te- 
spectively, and the moments of 
the load are 4% wa (x sin wu)? and 
lg wh (x sin v)®. The virtual 
vork equation then gives 


m (cot u + cot v) 


lewex (asin u + bsin v) 
from which 
m = V4 wab sin vsin (7 


om ; 
—- 0 then gives v 





ov 
6 and m = \% W tan 14 4 


Fig. 7—Triangular slab Eq.(9). 
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PRACTICAL DESIGN METHODS 
Successive approximations 

Though the analysis of slabs on an ultimate strength basis is reduced to 
algebra and geometry as compared to the complex differential equations often 
resulting from the use of the theory of elasticity, solution of equilibrium 
equations may be quite time-consuming. The yield-line theory is an ex- 
tremely powerful analytical tool, and analysis of even complex slabs becomes 
possible. Practical design methods are therefore desirable, which in addition 
to eliminating the use of differential equations will reduce design work to 
simple algebra. 

The problem in design is generally to estimate the necessary yield moment 
m for a slab subject to given ultimate loads and with given dimensions and 
support conditions. The correct value of m is a maximum value resulting 
from the correct yield pattern and satisfying the equations of equilibrium. 
It may be shown, therefore, that application of the virtual work principle 
to yield patterns which do not differ considerably from the correct pattern 
will result in yield moments only slightly smaller than the correct one.'®:1418 

Accordingly, a yield pattern is assumed which is in accord with the support 
conditions, and the necessary vield moment m is computed from the virtual 
work equation, Eq.(10). Sinee, for the correct yield pattern, all m-values 
should be equal, a check on the originally assumed yield pattern may be ob- 
tained by computing m for every individual slab part from equilibrium equa- 
tions. If the m-values thus computed differ considerably, the separate values 
will indicate how the pattern should be altered, and the first estimate of m 
from Kq.(10) will indicate how much the pattern should be changed. With 
some experience a designer will generally assume a yield pattern the first or 
second time, which gives a yield moment only a few percent in error. 


Floor slab 

This practical method may be illustrated by an analysis of the floor slab in Fig. 8. The 
slab is fixed or continuous on three edges, a negative reiniorcement equal to the positive rein- 
forcement being chosen, which gives m’ m. The fourth edge is simply supported, m’ = 0, 
and an opening with free edges is provided lor a stuircase The loads indicated represent 
service loads multiplied by proper load factors.* Thus, a uniform load u 200 pst, a line 
load of 250 Ib per it from a partition wall, and a line load of 1000 Ib per ft from the staircase, are 
given. An elastic analysis of such a slab would be extremely difficult, even with the aid of 
approximate numerical procedures. 

\ yield pattern is assumed, pattern No. Lin Fig. 8. The assumption is guided by the fact 
that yield lines between two slab parts must pass through the intersection of the correspond- 
ing axes of rotation, that is, the supports. It is furthermore known that simply supported 
or free edges as well as openings “attract” yield lines, while fixed edges “repel’’ lines 

The necessary yield moment m is first computed for each slab part separately by equilibrium 
of moments about the supports. 


4:57 


(? i 
Part A—10 (m + m) 200 K 10 & + 250 : 
6 2 


20 m 13,470 or ma 674 Ib 
*See symposium on “Ultimate Load Design,” ACI Journnan, June 1952, Proc. V. 48, pp. 797-000, for di 
of load factors 
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72 "72 52 } 
Part B—20 (m+m) = 200( x = +10 X : +4X - ) +250 (6.57 K4+3 K5.5)—-mxX5 
) a 6 +5) 
40 m = 72,790 — 4 mor mg = 1653 |b 
; - - 42 42 j 
Part, ¢ 5 (m + m)= 200 * 5 X + 1000 2 +-m xX 4 
6 : 5 
10 m 10,670 + 3.2 m or me 1568 Ib 
32 32 32 
Part D 16 (m + 0) 2001 6 X + 10 9 + 250 X — 
6 ‘ 


‘ 
) — 


16 m = 12,030 or mp 753 Ib 
It is seen that the m-values vary from 674 to 1653 Ib, and the assumed yield pattern is there- 
fore not the correct one. An estimate of the correct yield moment may nevertheless be ob- 
tained by applying the virtual work equation. A virtual deflection Of unity along the yield 
line ab gives the rotations: 64 1/6; O08 1/7; 0c (5/7)/4 1/5.6; and @p 1/3. 
The equilibrium equations above are written in such a manner that the virtual work equation 
can be established easily. 


20 10 16 
M 06 m Pa —— J 16.17 m 
6 r 5.6 3 
13,470 72,490 10,670 12,030 
wb drdy ~ + + 18,560 
6 9.6 3 


‘ 2.0 o 
which gives m, 1148 Ib for yield pattern No. 1. 

It appears that the area of slab parts A and D must be increased, while those of B and C 
must be decreased. Such correction leads to pattern No. 2 in Fig. 8 which gives: m4 = 1243 
lb; meg 1182 lb; me 1167 Ib; and mp 1190 Ib. The corresponding virtual work equa- 
tion gives mys 1192 Ib. 

In this case the four m-values are almost equal and m 1192 lb is a satisfactory design value 
It should be noticed that m, is only 3.8 percent greater than m,. Application of the virtual 
work equation to yield patterns reasonably close to the correct one gives yield moments only 
slightly less than the correct value. 

The analysis of the floor slab illustrates the use of the yield-line theory. 
Isotropic reinforcement in two orthogonal directions and a negative support 
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Fig. 8—Analysis of floor slab 
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reinforcement equal to the reinforcement in the positive moment region were 
used, m’ = m. In practical design, more freedom of choice should be given 
the designer. The use of less reinforcement in the long than in the short 
direction of the slab in Fig. 8 seems proper, and m’ need not be equal to m. 
For a given slab with given ultimate loads, the amount of positive moment 
reinforcement in each of the two directions and the amount of negative rein- 
forcement at each support may be chosen in such a manner as to satisfy 
both the equations of equilibrium and an economic criterion involving a 
minimum of the total weight of reinforcement used in the slab. The yield- 
line theory permits this to be done with relative ease. Since this paper is 
concerned primarily with basic principles, however, such practical considera- 
tions will not be discussed in detail. 

Method of superposition 

The method of superposition is an important design aid in the elastic 
theory of structures. The yield-line theory is a nonlinear theory, and super- 
position is therefore not strictly applicable. Johansen'® has shown, how- 
ever, that its use gives results on the safe side, as the sum of the yield moments 
corresponding to a number of individual loadings is greater than or equal to 
the yield moment corresponding to the sum of the loadings. The reason for 
this is as follows. 

If a loading P; gives a yield-line pattern 1 and a yield moment m ;, then 
the moment mp; is a maximum value corresponding to the correct yield 
pattern 1; any other pattern gives a smaller yield moment m. In the same 
manner a loading P, gives a pattern n and a yield moment mp,. The sum of 
the vield moments corresponding to the individual loading is then 

z=mp mp, + MmMpo + + Mp», 

The combined load P; + P2+...+P, = =P gives a yield pattern 
S and a corresponding yield moment myp. If the yield moments correspond- 
ing to the various loadings are determined by virtual work for the pattern S, 
the values m,, ms... .m, are obtained and 

my p my + My + My 


in which m, S 


mpi, Me S mp, ... mM, S mp,. The equal sign applies 
only if a yield pattern 1, 2 


or n is identical with the pattern S. Since 
every term in the latter of these two equations is smaller than or equal to the 
corresponding terms in the former equation, it follows that Smp 2 myp. 


CORNERS 


It has so far been assumed that yield lines enter the corner between two 
intersecting supported sides (Fig. 3, 4, 5, 7, and 8). A pair of shearing forces 
is then necessary to prevent the corner from lifting according to Eq.(8). For 
the case given in Fig. 9, this anchorage force is m(cot a + cot 8). If the 
corner is not held down, a new yield-line pattern will appear, leaving a new 
slab part A rotating as a lever about the axis a-a. This slab part A is referred 
to as a corner lever. When the corner is held down and no reinforcement is 





648 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1953 


provided in the top of the slab, the corner breaks along a-a. The presence 
of some top reinforcement in the corner results in a negative yield line b-b. 
With sufficient top reinforcement the line b-b moves to the corner and the 
single positive yield line applies. 

The corner lever appears because the Y-shaped yield pattern is more dan- 
gerous, that is, gives a higher necessary yield moment, than the single yield 
line. According to Johansen'* it is most expedient in practical design to 
disregard the corner levers and then later apply corrections, for which he 
developed general equations and tabulated the most common cases. In this 
brief presentation, however, the characteristics of corner levers are prob- 
ably best illustrated by an example. 


Square slab 


For a simply supported and uniformly loaded square slab, Eq.(4) gave m wa? /24 assum- 
ing that no corner levers form. If it is assumed that the corners are held down and that sym- 
metrical corner levers exist as indicated in Fig. 10, negative yield lines with m’ im may be 
present across the corners. Equilibrium of moments for triangle B about axis b-b then gives 

h? m 


rV2 (m + m’) warv2 ,orh | V6 (141) (11) 
6 
u 


Equilibrium of slab part A about its supported side leads to 


, a 2: F 7 h 2 
F (x,m,w) m (a 2r) w - 0 (12) 
24 ‘ V2 


Kq.(12) defines m as an implicit function of x and w. For a given w, an x corresponding to a 
maximum of m is sought. We have the criterion 

OF 

dm Ox oF f OF rie 
: U; or - 0 assuming — is finite and not equal to zero 
dx oF x om 
om 

oF ; 
> O gives x 
Ox 


Substituting h from Eq.(11) 
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Fig. 9—Conditions at a corner 
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The maximum value of m may then be 
found by solving Eq.(11), (12), and (13a) 





for m, which solution is algebraically 
rather cumbersome. 

A solution may be obtained easily, 
however, using successive approximations. 
An initial estimate of the value m/w is 
made, m/w a?/24 being a reasonable 
value. For this m/w, h, and x are com- 
puted from Eq.(11) and (13a), and a new 
value of m/w is found from Eq.(12). This 
new m/w is returned to Eq.(11) and (13a), 


and sO On. 











— Xt -~ O-2X ——— Kk 


ss) 
Fig. 10—Square slab with corner levers 


For various values of 7 ’ m, the following solutions are found 


0.159 a 0.523 

0.110 a 0.571 

0.069 a O.619 
0 


22 
23 
2:3 
24 


It appears that even a weak corner reinforcement brings the vield moment 
in square slabs close to the value m wa*/24 corresponding to om’ m, 
for which the corner levers disappear. When no corner reinforcement is pro- 
vided, however, the yield moment is increased about 9 percent. In reality 
concrete has some flexural strength, and the actual influence of the levers 
will be somewhat smaller than indicated. It should be noted, however, that 
in some cases the influence of corner levers may be considerably larger than 
for a square slab. In triangular slabs (Fig. 7) for instance, the absence of 
corner reinforcement may increase the yield moment 20 to 35 percent 


CONCENTRATED LOADS 


In connection with concentrated loads or reactions, the yield pattern will 
at times consist of a curved negative yield line from which an infinite number 
of positive yield lines approach the load in a radial direction (Fig. 11). Such 
a yield pattern may be considered as consisting of an infinite number of in- 
finitesimal triangles, one of which is shown to the right in Fig. 11. Estab- 
lishing the virtual work equation for a deflection 6 of the load P?, we obtain 
rde 


6 
4 x and M (me + m’) ds (m + m’) 
rsing snp 
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2n 
) 
therefore P 6 - fim + m’) —— dye =0 
sin’ 8 
0 


P 
and m +m’ = a 


dy 
rA sin? B 

The correct yield pattern corresponds to a maximum value of (m + m’), 
that is, a minimum value of the integral, which occurs when 8 is 2/2 through- 
out, or 

m+m’ = P/2xr ‘ , , ; (14) 

The radius r giving the dimension of the circular yield pattern is indefinite, 
which is the result of P being considered acting at a point. If P is uniformly 
distributed over a small circular area with radius p, we obtain 


(: ae eens (14a) 


in which (m + m’) increases with r. For a slab fixed on all edges, the yield 
circle will be tangent to the slab circumference, as this results in the largest 
possible r and hence a maximum of (m + m’). 


The conditions near concentrated reactions such as exterior and interior 


columns may be analyzed in a similar manner, though the equations involved 
are somewhat more complex. The evaluation of the negative reinforcement 
necessary over the columns in a flat slab floor is an important example of 


such analyses of local conditions. 


ORTHOGONALLY ANISOTROPIC REINFORCEMENT 
The analyses of two-way slabs presented herein has so far been concerned 
only with slabs having an equal yield moment in all directions. Such 
isotropic reinforcement is often not economical, and methods of analysis for 
anisotropic reinforcement are therefore desirable. Johansen'*:'*:'’ has shown 


Fig. 11—Concentrated load 
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that the analysis of slabs with yield moments m and m’ = im in one 
direction and ym, um’ = ipm in an orthogonal direction may be reduced to 
the case of isotropic reinforcement, un = 1.0. 

A slab part with positive and negative yield lines is shown in Fig. 12, the 
coordinate axes being in the directions of m and wm. It is assumed that the 
negative moments m’ and wm’ have the same directions. The resultant of 
the positive moments acting on the slab part shown is the vector a times the 
vield moment in its direction, and the resultant moment components in the 
x and y directions are M, = ma, and M, = umay,, respectively, in which 
a, and a, are components of the vector a. In the same manner the negative 
moments give .V/,’ = m’b, and M,’ = um’b,. 

If the slab part rotates a virtual angle @ about the arbitrary axis of rotation 
indicated so that a point O is given a virtual deflection 6, then the component 
rotations are 6, = 6/hy, 6, = 6/h,, and the principle of virtual work gives 

(ma, + m'b.) + (uma, + um'b,) ° + ff wz dxrdy 0 (15) 

ly le 

Now let a slab with isotropic reinforcement m and m’ be considered, for 
which the linear dimensions in the y direction and the load w per unit area 
are the same as, but the linear dimensions in the x direction are \ times, those 
of the anisotropically reinforced slab. We then obtain 


6 6 ¥ 
(mya, + m’ Xd b,) + (ma, + m’ b,) - + if wzrdx dy 0 (15a) 
h, hh, © 


By dividing Eq.(15a) by A, it may be seen that Eq.(15) and (15a) coincide 
if w = 1/X* or X = 1/Vyu. Therefore, a slab with an anisotropic reinforce- 
ment and the yield moments m, m’ and wm, wm’ may be analyzed as an iso- 
tropically reinforced slab with the moments m and m’, the linear dimensions 
in the m direction being divided by Vu, and the load w per unit area being the 
same. Concentrated loads and total load on the slab are thereby also to be 


Y 


(7) (n° 








Fig. 12—Slab with orthogonally anisotropic reinforcement 
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divided by Vy. Line loads should be divided by Vu sin? u + cos? u, in which 
uw is the angle between the line load and the m direction. 


Economic study of reinforcement 

As an example of analyses of slabs with orthogonally anisotropic reinforcement a study 
may be made of the relative total weights of reinforcement for a rectangular slab with less 
reinforcement in the long than in the short direction. 

The necessary yield moment m for a rectangular slab simply supported on four edges and 
subject to a uniform load w is given by Eq.(5) if the reinforcement is isotropic. With the aid 
of the theorem just presented, the necessary yield moments for a similar anisotropically rein- 
forced slab may be expressed as m and wm, in which 


uw as a 2 a J 
3 4 (16 
24 | ’ hb * oo ») 


The steel area per unit width corresponding to the yield moment m is given by Eq.(1). Small 
reinforcement percentages are generally associated with slabs, and for the purpose of an 
economic study of slab reinforcement it is sufficiently accurate to consider the steel area for 
given slab thickness, concrete quality, and reinforcement quality, as being proportional to the 
vield moment m. Then, the reinforcement weight per unit slab area is also proportional to m, 
and the total weight of reinforcement is proportional to (m + ym), that is the total rein- 
forcement weight is proportional to S, in which 


J | a 2 a / ) 17 
Ss ( + ) 3 + — (li 
” | b b , 


Economical distribution of reinforcement in a two-way rectangular slab corresponds to a 
minimum S, or dS /du = 0. Such a solution of Eg.(17) is algebraically cumbersome, and its prac- 
tical significance may be questioned. S is therefore plotted in Fig. 13 as a function of yp. It 
appears that a minimum NS for a square slab, b/a 1.0, is found for » = 1.0, that is, half of the 
reinforcement should be placed in each direction. For an infinitely long slab, b/a infinity, 
minimum S corresponds to pu 0, that is, all reinforcement should be placed across the short 
span. The cost of slabs nearly square is practically independent of the distribution of rein- 
forcement as expressed by w, while for large values of b/a the cost of a uniform reinforcement 
becomes considerably greater than that corresponding to the economical distribution. Hence, 
for b a ratios greater than about 2, no more reinforcement should be placed in the longitudinal 
slab direction than that necessary to take care of volume changes. 


COMPARISON WITH TEST RESULTS 


The vield-line theory has been applied by Johansen'* to most existing test 
data pertaining to reinforced concrete slabs failing in flexure. <A detailed 
discussion of such test data, however, is considered beyond the scope of the 
present paper. It may, nevertheless, be generally stated that tests verify 
that the yield-line patterns are a reality, and the ultimate loads predicted 
by the vield-line theory are on the average 80 to 90 percent of those observed 
in tests. Although the yield-line theory might be expected to give an upper 
limit for the ultimate load, as full plasticity is assumed in the vield lines, 


an additional st rength is observed in tests. This is believed to be primarily 


due to strain hardening in the reinforcement (Fig. 1) and to the presence 
of membrane action at the relatively large deflections near failure. The slab 
edge regions tend to form a closed frame, across which the center region of the 
deflected slab acts as a membrane. The observed strength bevond that pre- 
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dicted by the vield-line theory may be quantitatively estimated in terms of 
such membrane action and strain hardening. It seems satisfactory for design 
purposes, however, to base predictions of flexural strength on the slightly 
conservative values resulting from the yield-line theory as outlined herein. 


CONCLUDING REMARKS 


The yield-line theory is a plastic slab theory intended for the prediction 
of the ultimate flexural strength of reinforced concrete slabs. The theory is 
based on full plasticity being present in a pattern of yield lines, the locations 
of which depend on the loading and boundary conditions. Through the de- 
velopments of the theory made primarily by K. W. Johansen, an analysis of 
a large variety of slabs has been made possible with a minimum of mathe- 
matical effort. 

The theory seems best suited for ultimate load design. However, it is 
now being used in the Scandinavian countries within the framework of design 
codes based on the straight-line theory, working stresses, and allowable loads. 

Kxperiences in the Seandinavian countries have indicated that a design 
based on strength using the yield-line theory must be supplemented by a 





7 ’ 
b/a= 00 | | 


ak”: Se | 






































O06 


Ad 


Fig. 13—Reinforcement required, in percent 





654 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1953 


check of the conditions under service loads, particularly deflections under 
sustained loading. In common designs this may be achieved through specifica- 
tion of minimum values for reinforcement percentages and slab thickness. 

For the purpose of practical design beyond the most simple and common 
cases, there are a number of special applications of the yield-line theory not 
discussed here, such as evaluations of the necessary extent of negative rein- 


forcement and slab reactions on supporting beams and columns. Johansen”? 


has developed such detailed methods for most types of reinforced concrete 
slabs met in design. 
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Title No. 49-45 


Skew Shell Utilized in Unusual Roof* 


By FELIX CANDELAT 


SYNOPSIS 


Describes a shell arranged a5 a smooth conoidal double CAaNnOpy 9 cantilevered 
16 ft on both sides and supported on stone walls at the ends of its curved 
directrix. The general dimensions are 20 x 40 ft, with a thickness varying 
from 114 to 4% in. 

Although the rigorous stress analysis of such a surface would be complicated, 
its relatively small size and curvature permits an approximate investigation 
which amounts to substitution of two straight lines converging at the arch apex 
for the curved directrix. 


INTRODUCTION 


The writer designed and built, in collaboration with Architect Raul 
Fernandez, three houses erected at six-month intervals to be used as gifts 
to subscribers of the newspaper Novedades. The liberty in the design allowed 
by the owner and the character of the buildings provided an opportunity 
to try some designs which confirmed the feasibility of employing reinforced 
concrete shells in everyday construction (Fig. 1, 2, and 3). 

This paper is devoted to the skew shell sheltering the garden entrance of 
the third house (Fig. 4). This shell is arranged as a smooth conoidal double 
: *Received by the Institute August 4, 1952. Title No. 49-45 is a part of copyrighted JouRNAL OF THE AMERICAN 
Concrete Instrrute, V. 24, No. 7, Mar. 1953, Proceedings V. 49. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than July 1, 1053. Address 18263 W. Me Nichols 


Road, Detroit 19, Mich 
tMember American Concrete Institute, Architect, Mexico City, Mexico 


Fig. 1—House design employing reinforced concrete shell construction. Note the corrugated 
shell roof over the lower entrance 
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Fig. 2—Reinforced concrete shell forms roof over garden entrance 


canopy, cantilevered 16 ft on both sides and supported on stone walls at 
the ends of its curved directrix. The general dimensions (Fig. 5) are 20 x 40 
ft, with a thickness varying from 114 to 434 in. 

The design approach is almost purely intuitive and the accuracy of the 
results cannot be estimated except that the structure can and does support 
itself. Inexperienced designers should not apply the formulas to other similar 
structures without first mathematically Justifying their applicability. 


STRESS ANALYSIS 


Although the rigorous stress analysis of such a surface would be compli- 
cated, its relatively small size and curvature permit an approximate analysis 
by considering the surface to be formed by four hyperbolic paraboloids of 
vertical axis, limited by straight generatrix. This amounts to substituting 
two straight lines, CD, DE, converging at the apex of the arch (Fig. 6), for 
the curved directrix. 

The investigation of membrane stresses in this auxiliary surface is extremely 
simple. According to Aimond* these surfaces have the interesting char- 
acteristic of constant stress at every point for a system of loads parallel to 
their vertical axis and uniformly distributed in horizontal projection. They 
also have double curvature which gives exceptional resistance to buckling, 
and, as they are generated by two systems of straight lines, formwork is 
simplified. 


*Aimond, F., “Etude Statique des Voiles Minces en Paraboloide Hyperbolique Travaillant sans Flexion,’’ 
Proceedings, International Assn, for Bridge and Structural Engineering, V. IV, 1936, pp. 1-112 
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A two-dimensional pure shear stress condition, with identical value at 
every point of the surface, results from this type of design. That is, the 
internal equilibrium can be maintained under direct or membrane stresses 
only, provided that the boundary conditions comply with certain requirements. 

This type of loading does not produce thrust normal to the boundary 
generatrix since the directions of pure shear are precisely the two straight 
generatrix that intersect at each point of the surface. The principal com- 
pressive and tensile stresses have the same value as the shear stresses, and 
are directed along the lines bisecting the pure shear (Fig. 6). 

Considering a surface load of 200 kg per sq m (41 psf) which—taking into 
account the small slope of the shell—can be considered as uniformly distrib- 
uted in ground projection, the constant value of all stresses, times the slab 
depth, is: 

p X AB XK AD 200 X 3 X ¢ 
27 2 < 0.60 


i V 3000 kg per sq m (2200 pst 
f being the rise of the paraboloid or vertical distance between C or FE and 
the basic rectangle. 

Assuming a constant thickness of 8 em (314 in.) and no live load, the unit 
compressive or tensile stresses have the value 

30000 ™ 

— 3.75 kg per sq em (53 psi) 
which shows that, using ordinary concrete with f’, 120 kg per sq em (1700 
psi), it would not be theoretically necessary to reinforce the interior of the 
four surfaces or tympans which form the whole structure. 


The shears add up along the four straight generatrix limiting each tympan 


The four resultant forces or support reactions from each paraboloid being 


re * a “Pgh P 
‘{ ‘ s* ; 


Fig. 3—Reinforced concrete roof and balcony cantilevered from main part of house 
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Fig. 4—Skew shell built over driveway entrance. General dimensions of the concrete shell 
are 20 x 40 ft, with a thickness varying from 1% to 4% in. 


directed tangentially to the contour, the conditions of support must be 
selected so as to counteract these forces to secure external equilibrium without 
disturbing the internal membrane stress condition. 

Taking into account the support disposition of the structure under con- 
sideration, the shear resultant along AB is a compressive force which varies 
from zero at point B to a maximum of 3000 * 3 = 9000 kg (20,000 Ib) at 
point A, which is balanced by the equal and opposite force proceeding from 


AF. Analogically, the shear resultant along DC or D/C’ is a compressive 
force with a maximum of 9000 kg (20,000 Ib) at C or C’. The reactions 
along AD or BC are respectively tensile and compressive forces with zero 


values at points A and B, and maximums of 3000 « 5 = 15,000 kg (33,000 
Ib) at D’ and C’. These last points can be considered as pertaining to the 


fixed-end cross section of the cantilever, since arch action with supports 
at C'C” and E’E” is predominant in the part C’D’E’E”D"'C"’, 


The shear resultants from both contiguous tympans add up along the 
common edge AD to give a total tensile force of 30,000 kg (66,000 Ib) at 
D’, which is counteracted by the opposite and equal force acting at D”. 


The same result can be attained by the simple consideration of part 
BAFE'D'C’ as a cantilever whose fixed-end cross section is C’D’/E’. The 
total load on this surface will be P = 5 X& 6 X& 200 = 6000 kg (13,300 Ib), 
and the fixed-end moment WV = 2.50 P = 15,000 kg-m (108,500 ft-lb). The 
lever arm at the fixed-end, or vertical distance between D’ and the straight 
line E’C’, has a value of 0.50 m, hence the tensile force at D’ and the sum of 
the equal compressive forces at E’ and C’ will be 


15,000 


30,000 kg 
0.50 
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DESIGN OF THE SHELL 


If the shell had exactly the form of Fig. 6 and a constant thickness, the 
previous simple analysis which assumes only the presence of direct stresses 
might be sufficient. The equilibrium could be maintained neglecting the 
flexural rigidity of the shell, as if it were composed of small surface elements 
joined by hinges. The effective flexural rigidity of the shell would be a re- 
dundant condition which should favor the behavior of the actual structure. 

However, esthetic reasons and the wish to attain a more fluid effect re- 
quired that an arched form be given to the directrix between supports and, 
in this case, flexural stresses are to be expected along this arch. <A con- 
ventional arch or vertical tympan might have given rigidity to this part 
but would have destroyed the desired effect. Consequently, it was decided 
to increase the thickness to 12 em (434 in.) in the arched part between sup- 
ports, reducing it gradually to 3 em (14% in.) at the ends of the overhangs. 
These ends were curved upward to form small ribs to strengthen these weak 
Zones. 

These alterations of the ideal shape made it necessary to introduce some 
supplementary assumptions which for lack of time could not be verified from 
an analytical and rigorous point of view. It was thus assumed that the slab 
would establish a new membrane stress condition, corresponding to the actual 
form and load distribution, and these new stresses would be of the same 
order as those previously found, being therefore negligible. It was also 


accepted that the arch form would not differ much from its pressure line, 
in view of its small curvature. 








ELEVATION 








rr Je 





Fig. 5—Plan and elevation of skew shell 
SECTION 
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Fig. 6—Relatively small size and curvature of skew shell permit an approximate analysis by 
considering the surface to be formed by four hyperbolic paraboloids of vertical axis, limited by 
straight generatrix 


On the other hand, the resultant forces at FE’, D’, C’, and symmetrical 
points will undergo a substantial reduction with the change in load distribution. 
This load can be considered as the superposition of a uniform load of 100 
kg per sq m (20.5 psf), which includes a live load of 25 kg per sq m, and a 
triangular load with zero value at FAB and a value of 200 kg per sq m (41 
psf) at E’D’/C’. The fixed-end moment due to these loads will be 

M = 3000 X 2.50 + 3000 X 1.66 12,500 kg-m (90,500 ft-lb) 

The tensile force at D’ will amount to 

12,500 
0.50 25,000 kg (55,000 Ib) 
and the steel area necessary at D’ will be 
25,000 
1250 20 sq cm (16—#4 bars) 

Unfortunately there was insufficient time to perform any load tests. How- 
ever, several mishaps confirmed the exceptional resistance and capacity to 
endure unexpected stresses, notwithstanding the delicate appearance of these 
shell structures. 

Since it was necessary to clear the way under the slab to permit access of 
trucks transporting garden soil, the foreman of the job struck the centering 
within 72 hr after concreting, without making a last inspection. This short 
time was not entirely out of the normal since the concrete was made with 
high early strength cement and high compressive stresses were not expected. 
However, the supporting stone walls were not completed—the mortar had 
not yet hardened sufficiently—and the walls failed, being unable to counter- 


act the thrust of the arch, one of whose springers slid about 2 in. Important 
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cracks appeared consequently at the intrados of the arch, announcing the 
imminent downfall of the structure. 

The slab was quickly propped and a re-elevation of the arch apex was 
attempted by means of a car jack. This temporary and obviously inadequate 
procedure was enough to partially close the cracks, but it was impossible 
to entirely return the springer to its initial position. Both twin stone walls 
were strengthened with reinforced concrete buttresses. After the props were 


again removed the slab behaved satisfactorily, without further signs of 


failure. The intrados cracks, after being healed, did not again appear. 


But the slab troubles were not yet finished. The next day, one of the 
dump trucks hit a corner of the slab. The only injury to the slab was a 
small rupture limited to an area 20 x 20 in. which was concreted again without 
difficulty. 

SUMMARY 


These occurrences, together with the unusual form and disposition of the 
structure, confirm clearly, in spite of the lack of rigorous investigation of 
the assumptions adopted, the validity of the general criterion of design. 
This follows essentially the idea put in practice by Maillart,* that the re- 
sistant function in reinforced concrete structures must rest mainly upon the 
election of an appropriate and preferably light form. ‘The resistant function 
can be more safely attained in this manner than by means of exhorbitant 


concrete Masses. 


*Bill, Max, Robert Maillart, Verlag fur Architektur A. G. Erlembach, Zurich, Switzerland. 


Fig. 7—Double reinforcement was placed in the arched part between supports; in the remainder 
of the shell, reinforcement consisted of one layer of steel at the middle of the slab depth in 
addition to the mesh reinforcing 
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In the present case, this criterion can be summarized as follows, cor- 
responding to accepted design hypothesis: 

1. Validity of the membrane stress theory in skew shells, 7.e., the possi- 
bility of maintaining internal equilibrium with the sole presence of direct 
stresses, neglecting the flexural rigidity of the lamina. 

2. Reduction of the shell thickness—in agreement with the former point 
to the minimum admissible from a constructive and practical point of view. 


3. Choice of a form which will be stable from a statical point of view. 


1. To assume empirically that the flexural moments at the arched part 


between supports are small and can be resisted by the increased thickness 
and disposition of double reinforcement at this part of the shell (Fig. 7), 
whereas in the rest of it the reinforcement is restricted to only one layer of 
steel at the middle of the slab depth. 

This last assumption is certainly the weakest point in the design and the 
less defensible from a rigorous standpoint. Nevertheless, its analytical 
justification would have required more time than was available. A certain 
amount of risk thus had to be run, but risk is inherent in every building 
operation. The quantitive appreciation of its magnitude is a highly sub- 
jective problem in view of the number of variables influencing the safety of 
any structure. 
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Diagonal Tension in T-Beams Without Stirrups 


By PHIL M. FERGUSON and J. NEILS THOMPSONT 


SYNOPSIS 


Tests on 24 T-beams without stirrups are reported. The chief variables 
are the effect of changing the concrete strength and the effect of extra web 
width over part of the beam depth. It is concluded that diagonal tension 
strength goes up very slowly as f.’ increases; that a unit shear working stress 
of 0.03f.’ is too high for beams of this type made of high strength concrete; 
and that extra web area is helpful even where it does not increase the minimum 
b’ width. 

The shear span-depth ratio is emphasized as a factor in planning ot 
evaluating an investigation into diagonal tension strength. 


INTRODUCTION 


Many factors affect diagonal tension failures of reinforced concrete beams. 
This investigation was so conducted as to eliminate a number of factors 
and variables. Only T-beams without web reinforcement were considered, 
and the longitudinal steel was varied only slightly. 

The investigation was initiated to study the effect of extra web width over 
part of the beam depth, as shown in Fig. 1. This in turn raised questions 
as to the effect of increased f.’ (cylinder strength in compression) on diagonal 
tension resistance and led to some study of this variable. 
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Fig. 1—Beams of Series A, B, C, D 
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TEST SPECIMENS 
T-beams were used in these tests to take care of large anticipated bending 
stresses induced by loads placed far from the supports. Actually, the ulti- 
mate diagonal tension strengths were so low in all cases that bending stresses 


never became high. The beams will be described in two groups. 


Series A, B, C, and D 

Fifteen T-beams of four different cross sections, designated as Series <A, 
B, C, and D (Fig. 1) were made especially for this investigation. Each of 
these beams was reinforced with two No. 8 deformed bars (rail steel) welded 
at each end to a steel block which acted as an end anchorage to prevent any 
possibility of bond failure. The beams of Series B and C had web enlarge- 
ments or shoulders, and in Series D this shoulder was deepened to make a 
uniformly wider web. All beams were 72 in. long. 

The concrete was made with a Type I (ordinary) portland cement and a 
small aggregate (44-in. maximum size). Concrete was vibrated into place. 
Specimens were kept damp for one day, then removed from the forms and 
stored in the moist room for seven days, after which they were stored in the 
open air of the laboratory until tested at approximately 28 days of age. 
Companion cylinders were similarly cured. Concrete cylinder strengths 
varied between 3960 and 6580 psi. Modulus of rupture tests were run on 
four 6 x 6-in. beams using center point loads on an 18-in. span. Their average 
modulus of rupture was 371 psi, for f.° = 4400 psi. 


Series N, G, and L 

The results of nine T-beam tests made earlier in connection with another 
investigation* are also tabulated and analyzed. These beams, Series N, G, 
and L, are shown in Fig. 2. They were reinforced with two %4-in. old type 
deformed bars, intermediate grade, also with end anchor plates. This concrete 
had 54-in. maximum size aggregate and cylinder strengths from 2540 to 
3320 psi. 


*Thompson, J. Neils and Ferguson, Phil M., ‘Shear Resistance of Tile-Concrete Floor Joists,"” ACI Journat, 
Nov. 1950,: Proc. V. 22, pp. 229-236 
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Fig. 2—Beams of Series G, L, N 





DIAGONAL TENSION IN T-BEAMS 


3—T-beam with shoulders 
ready for test 


TEST PROCEDURE 


The beams in Series A, B, C, and D were symmetrically loaded on a 64-in. 
span, as shown in Fig. le, with the loads placed 28 in. or 3.4 times the effective 
beam depth from the supports. These loads were applied in a testing machine 
(Fig. 3) in small increments until failure occurred. Beams were frequently 
examined for cracks, and deflection readings were taken. Loading to failure 
took from 40 minutes to three hours. 

The beams in Series G, L, and N were also symmetrically loaded at the 
same 28 in. distance from the reaction, in this case at the third points of an 
84-in. span, as shown in Fig. 2d. Loading was applied in increments by means 
of calibrated jacks and failure was usually reached in about 30 minutes. 


FAILURE BEHAVIOR 


All beams failed by diagonal cracks which crossed the neutral axis well 
away from both reaction and load. Fig. 4 shows a typical failure. On most 
occasions hair-line diagonal cracks were observed near the neutral axis some 
time prior to failure. With some further increase in load, usually one of 
these fine cracks would suddenly increase in width and length, but in other 
cases the larger crack would appear suddenly at a new point or even at the 
other end of the beam. It was not unusual to have several small diagonal 
eracks at each end of the beam, and occasionally a serious crack would 


develop at each end of the beam before one of these progressed completely 
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Fig. 4—Typical diagonal tension failure. The applied load is just out of sight on the 
right, at 3.4d from the reaction. No web reinforcement 


to failure (Fig. 5). A few failures were relatively sudden and complete, but 
a failure usually developed progressively in each direction as an extension 
of an enlarged crack. The first extension of the crack horizontally along the 
bars was normally gradual with increasing load, but the final failure was 
sudden. Failure was characterized by further splitting along the bars, a 


flat sloping diagonal crack through the compression region approximately 
to the load point, and an upward buckling movement of the adjacent slab. 
This slab movement is shown by the crack in the slab at the top of the 45 deg 
break in Fig. 4. 


Beam Cl (shown in Fig. 5) after developing a large diagonal crack at both 
ends, seemed to act as a tied arch. The deflection quickly increased about 
40 percent after the second crack formed and then gradually, with increasing 
load, increased to two and a half times the second crack value. The load 
when the second crack appeared was taken as that measuring the diagonal 
tension strength in this case; the ultimate failure load was 28 percent higher. 

The test data for all beams are shown in Table 1. The actual ultimate 
unit shear v has been calculated from the standard relation 7 V/(b' jd), 
with j as 7% and b’ as the width just above the steel. 

' 


SHEAR STRENGTH VERSUS CONCRETE STRENGTH 


As Table 1 shows, the variation in v is considerable within each type of 
beam. Higher values generally go with higher values of f.’, the evlinder 
strength. The ratio of v/f.’ generally is surprisingly low, that is, v is in the 
neighborhood of 0.05 f.’ for Series A and D, and in the neighborhood of 
4.07 f.’ for Series G and N. Increased web area not considered in the con- 
ventional calculation for v probably accounts for the higher strength of Series 
B, C,and L. It may be noted that the v/f,’ ratio is low where cylinder strength 
is above 4000 psi and higher for concrete around 3000 psi. 
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When the seatter of these values is studied, it is observed that the range 
is about the same for comparable beams, whether considered as scatter of 
v values or scatter of v/f.’. But is is interesting to note that while high f,’ 
values lead to larger v values, they lead to the lower v/f.’ values, It seems 
apparent in the 4000 to 6500 psi range of cylinder strength that diagonal 
tension strength increases much more slowly than cylinder strength. A 
similar conclusion was reached long ago with regard to modulus of rupture. 

It was established empirically, for this limited data, that the ultimate 
diagonal tension strength could be calculated reasonably well from = the 
relationship: 

v 145 + 0.02 f.’ (1) 
Values calculated on this basis are listed in the next to last column of Table 1 
for Series A, D, N, and G, and the ratios of these calculated to actual values 
have been entered in the last column. The agreement is quite good, only 
two individual specimens differing by more than 10 percent. (For those who 
may question this form of strength equation, it might be noted that » 
l4vf.’ gives almost identical results in the range here considered 

The same comparison is made graphically in Fig. 6a. Individual values 
for Series A, D, and N are all well within 10 percent of the empirical relation. 
Individual values of Series G scatter more, but their average supports the 
empirical relation. 


EFFECTIVE WEB AREA WITH WEB ENLARGEMENTS 


Series B, C, and L were made up of beams having pronounced web en- 
largements or shoulders which did not increase the nominal width 6’ just 
above the steel. When v was calculated for these beams using the ultimate 
shear and the width 6’, it was apparent that added strength had been fur- 


Fig. 5—Some beams developed cracks at each end before failure. This is Beam C1 
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TABLE 1—DIAGONAL TENSION TESTS ON T-BEAMS. 
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averaged 13.2 percent for Series B, 33.1 percent for Series C, and 30.2 percent 
for Series L. 

Series B and C were identical with Series A except for the shoulders on 
the web. Considerable study was devoted to determining what might be 
termed an effective web area when shoulders were used. It was found that 
the area b’d plus the extra web or shoulder area that lies below the neutral 
A and D. Closely enough, this area 
can be taken as b’d plus the shoulder area falling in the lower 0.7 of the effec- 


axis gave good correlation with Series 
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Fig. 6a—Ultimate unit shear for regular Fig. 6b—Nominal ultimate unit shear for 
specimens, Series A, D, G, specimens with shoulders, Series B, C, L. The 
shoulders add strength 


tive beam depth, as caleulated in Table 2. If these effective web areas are 
used in the expression 7 V jleffective web area), the actual ultimate unit 
shears tor the shouldered Series B, C, and L become those shown in Table 3 
Series G is also shown, although it is definitely a border line case and the 
width of shoulder to be used is quite vague. Ultimate unit shears deter- 
mined on this basis compare well with calculated values based on hg (1 

For Series L, actual ultimate strengths run somewhat stronger than indicated 
by Kq. (1), but Series B, C, and G agree closely. It is not believed that the 
use of the area b’d alone, as in Table 1, is justified for beams of this type 


Actual ultimate v (based on effective web areas) has been plotted against 


f/ in Fig. 7 for all beams. The beams with shoulders are represented by open 


markers and are seen to fit into the grouping about as well as the other values 


The Series L values are still high, for reasons not yet established 
TABLE 2—PROPOSED EFFECTIVE WEB AREAS 


Shoulder Shoulder extra effective Total 
depth, depth shoulder shoulder etlective 
in minus O.3d, width, arena, web, 
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TABLE 3—ULTIMATE SHEARS BASED ON PROPOSED EFFECTIVE AREA 


Ratio 


Ult Effective Actual ( 


Beam f.", psi V, lb web area, ult. 7 
aq in. psi 
Series B 
5175 7970 : ) 
4560 7100 
5800 S860 
6200 OS60 
HOO SH10 


Average 


SHO 
S60 


Average 


3150 
4280 
3220 


Average 


Fig. 7 shows that all except five out of the 24 values fall within 10 percent 
of the values given by Eq. (1) and all except one within 12 percent. This is 
considered excellent agreement for this type of investigation. 


DISCUSSION OF RESULTS 


Ultimate shear strengths as low as those expressed by Eq. (1), namely, 
v 145 + 0.02 f.’, are a matter of some concern. The ACI Building Code 
permits a working stress of 0.03 f.’.. For high strength coneretes the margin 


of safety is noticeably low: 


f.’, psi ACT allowable, psi ‘It. v (Eq. 1), psi Ultimate ‘Allowable 


2500 75 1905 2 60 
8000 90 205 2.28 


1000 120 225 1.8; 
6000 LSO 265 1.47 


It is possible that this reduced margin of safety reflects the fact that the 
Code has been based largely on tests of concrete having relatively low com- 
pressive strengths. It is also possible that the small aggregates used in the 
beams reported here have led to relatively lower tensile strengths (modulus 
of rupture values) for a given compressive strength. Whatever the reason, 
the fact seems to be that the ACI Building Code may not be a safe guide in 
Some Cases, 

Another factor leading to this situation may have been lack of emphasis 
in the past upon an important factor of diagonal tension or shear strength, 
namely, the shear span-depth ratio. 
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Fig. 7—Variation of ultimate unit shear with cylinder strength—all specimens 


SHEAR SPAN-DEPTH RATIO 


The shear span is the distance (usually designated as a) from the reaction 
to the load. The ratio ad, where d is the effective beam depth, is an impor- 
tant factor in diagonal tension strength, the strength for a/d | being more 
than twice that for a/d 2. These values are taken from a recent report 
by Clark* and confirm earlier reports by Talbott and by Turneaure and 
Maurer.= The latter two indicate that a/d values greater than 2 lead to still 


lower strengths, possibly only 70 to 75 percent ol those for a/d 2 Many, 
probably a majority, of the tests in the past have used shear span-depth 


ratios of 2 or less, and little emphasis has been placed on this factor. Hence 
it is possible that too much reliance has been placed on tests that did not 
indicate truly dependable minimum strengths. 

The increased strength for loads near the reaction is evidently the effect 
of vertical compressive forces over and near the reaction that cancel or 
greatly reduce potential diagonal tension stresses. This would seem to be 
a local effect, probably considerably dependent upon a reaction applied to 
the underside of the beam 

That the end zone is actually strengthened is shown by Fig. 8 where 
diagonal tension failure has occurred far from the artificially weakened end 
section. The local reaction effect was enough to offset the 50 percent  re- 
duction in depth. As additional evidence, Richart reported§ measurements 


*(‘larh 4. P lagons > Reinforced Concrete Beams ACT Journal et OD "y V. 48, pp 
145-156; Dee. 1952 ar 2», p. 156-2 
tTalbot A. N sts of Kei Cet oncrete Beams; Resistance to Web Stresses ries of nd 10S 
¢ ty of Tilir ngineering eriment Station Bulletin 20, Jan 1009, p. 45 
tTurneaure, | ant iret t., Reinforced Concrete Construction, 2nd Edition 1909, p 
1019, p. 14 
§Richart, Frank I nvest ion of Web Stresses in Reinforced Concrete Keams B 
Engineering E-xperin ! srsity of Illinois, pp. 5, 6, and 70 


ly 
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Fig. 8—Diagonal tension failure of T-beam ignores weakened section near reaction. No web 
reinforcement. a/d 4 


of stirrup stresses (for a/d 2.8 and 4.0) showing that maximum stress 
existed at a distance about 2d from the reaction, with less than half that 
stress nearer the support. 

This end effect may actually be much less important when the reaction 
is applied as a distributed shear over the end face of the beam, as in the 
case of a beam framing into a girder, wall, or column. Since this is the 
typical case in practice, but not in the laboratory, tests with this type of 
support are needed. Until such tests are made, it cannot be known whether 
design specifications can safely give special recognition to this end zone 

If the shear span-ratio effect were due only to an end or reaction effect 
(and the similar stress disturbance directly under the concentrated test 
load), it would seem that the shear strength should become constant for an 
a/d value greater than about 2.5. Possibly due to an increasing ratio of 
moment to shear stress, tests show decreasing strengths as a/d is further 
increased. However, the possible 15 to 25 percent reduction above a d 
2.5 seems relatively small in comparison with the increase of 150 percent or 
more for a/d |. The truly significant part of the shear-span depth ratio 
effect is the end or reaction effect. 

The shear span-depth ratio needs careful consideration in planning tests 
and in interpreting tests. American literature on diagonal tension usually 
ignores this matter, but two different viewpoints relative to the reaction 
effect or shear span-depth effect have been presented: 

(1) Slater, Lord, and Zipprodt* recognized that the deep panels they 


*Slater, Willis A., Lord, Arthur R., and Zipprodt, Roy R Shear Tests of Reinforced Concrete Beams Tech 
nologic Papers of the Bureau of Standards, No. 314, 1926 p. 3S” 
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tested, with a/d generally 1.74, might not be typical of long, slender beams 
But they thought this “unimportant practically, because. . slender beams 
generally will fail by tension or compression. . with web stresses so low 
as to present no unusual problems of web reinforcement.’’ These panels, 
with heavily-reinforced webs, seem to be the chief basis for the upper limit 
of 0.12f.’ for unit shear, as now given in the ACI Building Code. It would 
seem that this specification should be limited to a small shear span-depth 
ratio; and one might ask also whether this stress is suitable at all where the 
reaction is in the form of an end shear instead of a simple bearing reaction. 

(2) Some, like Clark*, attempt to express the ultimate shear strength as 
a continuous function of a/d. This may be possible in simple fashion for 
small values of a/d. However, this process is fundamentally handicapped 
by the attempt to give general significance to what is primarily a local or 
end effect and one that may be more important in laboratory tests than in 
design. Such a relationship may help to correlate data from tests conducted 
with too small a shear span-depth ratio, but the writers doubt that it can 
furnish a sound basis for a working specification. 

It seems important that laboratory tests for diagonal tension be initially 
designed to fail outside this locally strengthened end zone if they are to be 
of value for specification purposes. The elimination of the end reaction 
effect is otherwise too speculative a matter to guide designers. It is believed 
that the a d values of 3.40 to 6.22 used for this investigation are large enough 
to eliminate completely the end reaction effect. 


CONCLUSIONS 


This investigation has been limited to beams without stirrups. The two 
chief variables studied were f.’ and variations in web area due to enlarged 
shoulders. It is realized that 24 specimens are inadequate to justify a specific 
recommendation with regard to working stresses. Nevertheless, substantial 
support is given to three conclusions: 

1. The 0.03 f.’ permissible unit shear allowed by ACI Building Code (when no 
stirrups are used) appears to lead to a greatly reduced factor of safety when high 
strength concrete is used in members of this type 

2. The use of the minimum web width in the calculation of the unit shear is over 

conservative when the web is wider at the neutral axis. It appears that the effective 
web area should include any extra web or haunch area below the neutral axis, that Is, 
within the lower 0.7 of the depth (assuming that this area does enlarge the neutral 
AXIS zone 

3. Fig 8 emphasizes other evidence which shows that diagonal tension conditions 
over a simple beam support are not as severe as those some distance away. Laboratory 
tests where the loads are close to supports may thus prove deceptively strong. This 
raises questions as to the validity of using many reported shearing tests as a basis for 
specifications 
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Discussion of a paper by Phil M. Ferguson and J. Neils Thompson: 


Diagonal Tension in T-Beams Without Stirrups* 


By |. E. MORRIS# 


Tests reported by the authors are an interesting contribution to the subject 
of diagonal tension. It appears to this writer, however, that while most 
tests have amply illustrated the effects of diagonal tension, tests of beams 
effectively reinforced to resist diagonal tension have not been made 

In the first place, one of the assumptions in concrete design is that concrete 
takes no tension. We hold to this assumption tenaciously in the middle 
portion of a beam, but near the ends we depart from the assumption and 
Say that concrete does take tension. After all, tension is tension, whether 
it be vertical, horizontal, or diagonal. 

In a parallel-chord Pratt truss, for instance (Fig. A), the stresses are con- 
fined to definite lines formed by the members, with compression in the top 
chord and the verticals, and tension in the bottom chord and the diagonals 
Now, suppose the web members are removed and one end of the truss is 
encased in concrete What becomes of the stresses which were originally 
in the web members? The compressive stresses are taken by concrete in 
compression. The stresses which were in the diagonals spread out in some 
more or less uniform pattern, as indicated in Fig. B, and become diagonal 
tension in the concrete. To produce stability in the hybrid member shown 
in Fig. B, all that is necessary is to provide tension bars to replace the stresses 
in the truss diagonals, and these tension bars logically should spread out over 
the web in about the same manner as the stresses. Of course, vertical stirrups 
would also do the job, but it is the opinion of the writer that, where high 
shearing stresses are involved, curved diagonal tension bars are more effective 
and more logical than vertical stirrups. The suggested arrangement of curved 


bars was shown in Fig. F of the discussion of Clark’s paper.t The effeet 


~ Compression 


























Fig. A—Parallel-chord Pratt truss Tension 
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Fig. B—Diagonal tension stresses 
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which such bars would have had on the beams shown in Fig. 4, 5, and 8 of 
the current series of tests is easily visualized. 

The higher strength of beams of series B, C, and L is undoubtedly accounted 
for by the increased web area. In the calculation of unit shear, the value 
V/bjd represents the unit horizontal shear in a web of uniform thickness; 
since this shear is constant between the tension steel and the neutral axis, 
if the web thickness increases anywhere between those two points, the unit 
stress is less along the thickened portion. Conversely, since the concrete 
supposedly has the same resistance to shear at all points, increasing the 
aurea of the web increases the total shearing, or diagonal tension, foree which 
the web will resist. It is believed, however, that since diagonal tension 
cracks frequently appear first near the bottom of a beam, the thickened portion 
of the web would be more effective at that point than near the neutral axis. 
But from the standpoint of economy, shoulders on beam webs are not desir- 
able, because the extra cost of formwork more than offsets the saving resulting 
from omission of a few stirrups. 

As the authors point out, the ratio a/d, where d is the effective beam depth, 
is an important factor in diagonal tension strength. And here, it seems, is 
the perfect illustration of the difference between shear and diagonal tension. 


At the face of the support, the concrete resists what might be termed pure 


shear, but as we move from the support toward the center of the span, the 
stresses change from shear to diagonal tension, and are the result of trans- 
mission of stresses in the principal steel through the web, by means of 
horizontal shear, to an intersection with the compressive forces somewhere 
near the support. This action is necessary in order to produce equilibrium, 
and it appears to be clearly illustrated in Fig. B, and also in Fig. 8 of the 
authors’ paper. 

Since stress paths through the web undoubtedly are curved, with the 
curvature near the support sharper than elsewhere, tangents to the curve 
would vary in a manner illustrating the transition from shear to diagonal 
tension. 

One most important fact brought out by this series of tests is that the work- 
ing stress of 0.08f.’ permitted by the ACI Building Code may be too high for 
concrete strengths above 3000 psi. In fact, the writer has stated on many 
occasions that he thinks it is too high for concrete of any strength, unless 
used with a considerable amount of judgment. And the necessity for this 
judgment is the critical condition existing in the region of the point of contra- 
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flexure in continuous members of rather long spans. At such points, diagonal 
tension, not shear, is often much more critical than it is nearer the support. 

In the design of flat plate slabs, shear at the supports, if figured in accord- 
ance with the ACI Building Code, would be no problem if we could use a small 
area of 6000 psi concrete directly over the columns; but, with no test data 


available, such a practice may be dangerous. 
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Fire Resistance of Reinforced Concrete Floors 


By J. P. THOMPSONT 
SYNOPSIS 


\ general discussion of the fire resistance of reinforced concrete floors, and 
a recent test program by PCA is discussed briefly. To obtain information on 
heat transmission through concrete floors and on the structural stability with 
usual amounts of protection Tot the reinforcement, the first tests were of solid 


one-way slabs of different thicknesses and different concretes. 


INTRODUCTION 

In designing structures, consideration must be given to ability to resist 
stresses and to withstand exposure. Exposure conditions include freezing and 
thawing, wetting and drying, temperature changes, abrasion, corrosion, and 
fire. Many tests and studies have been made to determine standards for use 
in designing for structural stability but data on resistance to exposures are not 
as complete. 

The fire resistance of all materials gained particular importance about 
the turn of the century with the rapid development of multistory buildings. 
It was then, also, that standard procedures for making fire tests began to 
develop in the United States and Europe. The early leader in this country 
was the Bureau of Buildings of New York City. The principal work abroad 
was done by the British Fire Prevention Committee. 

In 1905 the American Society for Testing Materials established a com- 
mittee to prepare a standard fire test procedure which was the forerunner of 
the present ASTM standard now followed for all recognized tests in this 
country. The original ASTM, New York City, and British specifications 
were quite similar but differ in two important respects from the present 
ASTM specifications. The old specifications placed no limit on the heat 
transmitted through the floor but had rigid requirements for the strength 
of the floor after the fire test. 

The New York specifications required the floor to carry 150 psf during 
the fire test and four times that load after cooling. The present specifications 
require the floor to carry its design load during the test and two times this 
load after cooling. The old New York requirement would eliminate by 
structural failure many floors which pass the present specifications, but the 
heat transmission limitations now used would eliminate many of the floors 
which passed the New York requirements. 


*Presented at the ACI Fifth Regional Meeting, Chicago, Ill., Sept 12, 1952 
righted JouURNAL OF THE AMERICAN Concrete [nstirrute, V. 24, No. 7, Mar. 1953 
prints are available at 35 cents each. Diseussion (copies in triplicate) should reach t 
July 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

+tMember American Concrete Institute, Engineer, Structural and Railways Bureau 
Chicago, Ill 
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In 1912, Woolson and Miller “reported* on all the floor fire tests of record 
in this country. Most of these 82 tests were on concrete slabs. In general, 
the slabs were 4 to 6 in. thick with spans of 5 to 8 ft between reinforced concrete 
or protected steel beams. A large majority of these floors were approved 
after a 4-hr test under the New York specifications. 

As the result of these tests and of experience in actual fires, where reinforced 
concrete floors quite generally performed the primary function of carrying 
the load, preventing the spread of fire through them and preventing water 
damage below them, concrete floors were considered practically the standard 
for the highest type of fire resistive buildings. 


FIRE TESTS OF FLOORS 


In recent years, more and more building codes require construction having 
specific fire resistance ratings based upon tests made in accordance with the 
present ASTM. specifications. Although there had been more fire tests on 
concrete floors than on any other type, the old tests did not conform to the 
present specifications. To establish ratings under present specifications, 
comprehensive fire tests of floors are now being made by Underwriters’ Labo- 
ratories for the Portland Cement Assn. 


There are many variables in type of floor, thickness, kind of 


quality of concrete, protection of reinforcement, and other items. It is obvi- 


ously an impossible task to test all of the floors that would be necessary to 
represent each of the endless combinations of these variables. However, the 
tests being conducted will result in information from which a reasonably 
accurate estimate can be made of the fire resistance obtainable with any 
combination of variables. This is the primary purpose of this series of tests. 

‘To obtain information on heat transmission through concrete floors and on 
the structural stability with usual amounts of protection for the reinforce- 
ment, it was decided to make the first tests in the current program on solid 
one-way slabs of different thicknesses and different concretes. Thicknesses 
of 6 in. and 434 in. were selected to indicate the effect of thickness and to 
give ratings in excess of 3 hr and 2 hr, respectively. 

The specimens were designed to simulate an exterior bay in continuous 
construction. The design of the 6-in. slabs is shown in Fig. 1. The furnace 
frame is made of heavy H-sections against which the slab is cast. The slab 
is supported by the two reinforced concrete beams which are supported on 
the furnace frame by the hangers shown in A-A. The dowels attached to 
the hanger are intended to simulate to some extent the torsional restraint 
from a column or adjacent beam. The cantilever slab simulates an adjacent 
continuous span. The floors were designed in accordance with the ACI 
Building Code to carry a live load of 75 psf. At this load the reinforcement 
is stressed to 20,000 psi. 


*Woolson, Ira H. and Miller, Rudolph P., ‘Fire Tests of Floors in the United States,’’ Paper XXVII 2, 1921, 
International Assn. for Testing Materials. 
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Fig. 1—Design of 6-in. slab for fire test 


The fire tests are conducted in accordance with the ASTM) specification 
Ky 119-50. Very briefly, this requires the test specimen to be subjected to 
a standard fire until the end point, determined by several criteria, is reached 
The intensity of this fire is determined exclusively by the temperature at 
specified times such as 1700 F at 1 hr and 2000 F at 4 hr. No consideration 


is given to the amount of fuel although it is the fuel consumed that controls 


the temperature and destructiveness of an actual fire. Considerably more 


fuel is required to maintain the standard temperature in a test of an assembly 
of large mass than in one of relatively small mass 


The end of the standard test is reached when the temperature of the un- 
exposed surface rises 250 F as an average or 325 F at any one point. During 
the test the floor must carry its design load and must not allow the passage 


of flames or hot gases sufficient to ignite cotton waste 


The ASTM specifications require a similar specimen to be subjected to the 
same fire for a period of one-half the fire resistance rating but not more than 
one hour and then be subjected to hose stream and double live load tests 
The hose stream of specified intensity and duration is applied as soon as the 
fire is stopped. The double live load is applied after cooling but within 72 hr 
At the option of the person or agency having the test made, the hose stream 
and double load may be applied to the first specimen upon completion of the 
full fire exposure. This procedure, which is a much more severe test than 
required, has been followed in the current program. 
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; wa i All of the commonly used 


concrete aggregates both 
natural and artificial are to 
be tested. The influence of 
type of aggregate as well as 
thickness of concrete on the 
fire resistance of a construc- 
tion assembly will thereby 
be obtained. These are the 
two most significant factors 
on resistance to heat trans- 
mission as indicated by 
many tests on walls. Othe: 





factors affect the fire resist- 


ance to some extent. As 
Fig. 2—Relation of thickness to fire resistance of solid con- 
crete walls 


an example, increasing the 
strength, cement content, 
fineness of aggregate, and curing tend to increase resistance to heat trans- 
mission. The degree to which each factor in combination with one or all of 
the other variables influences the fire resistive qualities of concrete can be 
determined only through basic studies. 

Fig. 2 shows the relation of thickness to fire resistance of concrete as de- 
termined by wall tests made at the Portland Cement Assn. Laboratories. 
fesults of tests made at the National Bureau of Standards on walls of siliceous 
aggregate are also shown. The results are almost identical, being slightly 
better for the NBS tests. Available tests indicate that the heat transmission 
through concrete floors is much the same, as would be expected. 


SUMMARY 
As mentioned earlier, many fire tests of concrete floors were made in the 


first years of this century when reinforced concrete was a comparatively 


new material. It performed well in those tests. As experience in many 
fires was gained over the years that followed, reinforced concrete came to be 
recognized as excellent fire-resistive construction. Accordingly, fire resist- 
ance ratings were given to floors, walls, and columns of specified thicknesses 
and amounts of protective cover, as well as to construction assemblies in- 
volving concrete. For many years accumulated evidence obtained in the 
severe test of experience was considered sufficient. But building construction 
technology, like that of all other fields of engineering, is rapidly being placed 
on a scientific basis. No longer is it considered sufficient to rely upon ex- 
perience alone. Experience must be verified by carefully controlled standard 
tests and by applied and basic research to determine not only how much can 
be expected of our structures but how and why they perform as they do. 
When the present test program is completed, a major step will have been 
taken to determine in a scientific manner the resistance of concrete to fire 
exposure. 





BY WAY OF SYNOPSIS 


The solution of earthquake design problems in different parts of the world 


receives attention from P 


Monioris and T. Y. Lin 


“Concrete’s etymological offspring” receive attention from a reader who has 


found 117 variations 


Designing Earthquake Resistant Structures (LR 49-15) 


technical 
different 
almost 


It is 
literature 


interesting to note in 
that 


parts of the 


engineers in 
with 


otten 
world come up 
identical solutions to the same problem. 
Prof. T. Y. Lin in = his “Lateral 
Force Distribution in a Concrete Building 
Dec. 1951, p. 281), 
“this is believed to be the first 


paper, 


Story” (ACT JourNAL, 
stated that 
general solution for distribution of lateral 
forces in a building story 
Prof. A. 
University of Greece, Athens, presented a 
Technical official 


Technical Chamber o 


Surprisingly, 
toussopoulos, National Technical 


similar work in Annals, 


publication of the 


Crreece, in 1932. 


In 1939, Professor Roussopoulos presented, 
in the same publication, his completed work 
on multistoried construction where the design 
of multistory space Irames was based on the 
elastic center of the whole structure, whether 


symmetrical or unsymmetrical He ehas 


been teaching this theory at the university 


since 1939, and numerous papers based on 


this method have since been published by 


other engineers In ‘1949 Professor Rous- 


sopoulos published his book on “earthquake- 


proof” construction, where this theory is 


developed and extended to multistory con- 


struction The similarity between his 1932 


{NAL OF THE AMERICAN 


ire Letters f 


work and Professor Lin’s 1951) paper is 


striking 
P. Mouioris, Doctor in Civil 
engineering, Assistant, Na 
tional Technieal University 
of Greece, Athens 
It was with great interest that IT received 


Professor {oussopoulos’ book Kven with- 
out an understanding of Greek, it is easy to 
see from the formulas and diagrams that the 
method developed by Professor Roussopoulos 
similar, if not identical in 


that 


LS very some 


respects, to presented in the writer's 
paper 

To be fair to mvself and my colleagues 
who helped me develop the JouRNAI paper 
I Thust state that the method was an inde 
pendent development based on practice and 
theory applied essentially in California. — It 
was taught in the writer’s classes in 


had 


1948, 


without anv knowledge of what ae 
done in Greece 

There is probably nothing new under the 
sun, even though I did paper 


that 


state im my 
l beheved it to be new 
ax 3 


fessor ol 


LIN, Associate Pro 
Civil Engineering 
University ol California, 


Berkeley 
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Concrete’s Etymological Offspring (LR 49-16) 


1950 it seemed to me that I 
noticing quite a varied crop of words derived 


I collected these 


Sack ip wis 


from the word “concrete 
and was pleasantly surprised when they were 
published in the ACI JournaL (Nov. 1950, 
Proc. V. 47, p. 263, and May 1951, Proc. 
V. 47, p These evidences of interest 


1 to 


752). 
mine, and it is my 


that 


stimulate 


present conclusion the possibilities of 


making words based on “concrete” are in- 


exhaustible 122 are listed below. 


There is one consoling item that IT would 
like to pass along in this connection: the 
word “cretin’” meaning “any person showing 


marked mental deficiency’? is not derived 
from, nor is it in any way particularly related 


to. the word ‘“conerete.” 


Word Where used 


Advi Assn., 
(cable address) 
selle- 


(air-entraming 


rete Cement and Concrete 
London 
\erocrete Sonneborn Sons, 
ville, N. J 
admixture) 
\erocrete Colorado Scientific Society, 
Proc. V. 15, 1951, p. 308 
(lightweight aggregate) 
Carter-Waters Co., 
City, Mo ; 
1951, p. 37 


The Sullivan Co., 


Kansas 

Concrete, Feb 

Air-Crete Memphis, 

Tenn 

Bamerete Pit & 
p. 1 

Zonolite Co., Chicago, Ul; 
Engineering News-Record, 
Keb. 26, 1953, p. 78 

Pit 4 Dee. 
p. lis 


Quarry, Dee 1952, 


Blocrete 


Quarry, 1952, 
Brickerete Associates, Grand 
Mich 
Neu 
Dictionary 
Celltite Co., Omaha, Neb. 
(‘elotex Co : 
1951 
Pit & Quarry, Sept 
p. 213 


( ‘olerete 


Rapids, 
Webster's [nternational 
( ‘elle rete 


Celocrete Concrete, June 


Cobecrete 1952, 


Colcrete Ltd., Rochester, 
England; /lighway Re- 
Abstracis, No. 20, 
1950, p i) 


search 


Colocrete 


Colorerete 


( ‘oncore 


Concream 


‘on-( ‘re-( ‘Oo 


‘oncrelith 


retal 
retcote 


‘oncretdense 

Yoneretetr 
reternal 

‘oncretoil 


‘oncretone 


‘oncretor 


‘oneretor- 


,rometo 


‘oncrewaltum 
‘one-( rete 


‘on-O-Lite 


‘onotex 


‘orncrete 


‘rete-A-Lith 


‘retar 


‘retechanl] 


‘rete-Dri-Seal 


‘rete-Fix 


‘retemix 


‘rete-O-Lux 
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Colorcrete Industries 
Holland, Mich. 
Drill, Howard Co., 

Angeles, Calif. 


Sealocrete 


Ltd.; 


Constructiona 


Products 
Concrete & 
Engineering, Aug. 1951 

George D. Weatherill & Co., 
Philadelphia, Pa 

Road Abstracts, May 
p. 74 

Neville Co., Pittsburgh, Pa 

Patek  Bros., Milwaukee 
Wis. 

Flexrock Co., 
Pa. 

Webster’s New 


Dictionary 


1952, 


Philadelphia 
Internationa 


Southwestern Chemical Co., 
Houston, Texas 

Neville C'o., Pittsburgh, Pa 

Upeo Co., Cleveland, Obio 

Ltd.; 


C'onstructiona 


Boulder Equipment 
Concrete & 
Engineering, Jan. 1953, p. 6 

Betong, V. 36, No. 3, 1951, p 
151 

Vita Var Cor p-, 

Cone-Crete 


Newark, N.J 
Products, Elk 
hart, Ind.; Pit & Quarry, 
Jan. 1953, p. 282 
Con-O-Lite Vault Co., 
Wilson, N.C 
Abilene, 
Pit & Quarry, Oct 
p. 154 
Pit & 
p. 213 
Crete-A-Lith 
Lust 
Creco, 
ee 
Martin Fireproofing Corp 
Buffalo, N.Y 
Concrete, Apr 
Ss Ms Horn Co., Long Island 
City, N. ¥ 


Tremco Co., 


Tex.; 


1952, 


Conotex Co., 


Quarry, m™ pt. 1052, 


Ing im 


Long Island City, 


1952 p Yt) 


Cleveland, Ohio 
Heywards Ltd.; Concrete 
Constructional Engineering 


May 1951 





Creteplank 
( retetop 


Cretex 


Cutcrete 


Disacrete 


Discrete 


Dry Mix Crete 


Dumpecrete 


Duracrete 


Dura-Crete 


Dverete 


Kternacret 


‘concrete 
Ferrocom retor 
Ferroc 


Foam-Crete 


Hobbverete 


Hydrocrete 
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Martin Fireproofing Corp., © Hydrocreter 
Buffalo, N. Y. 
Maintenance Engineering 
Co., Philadelphia, Pa 
Cretex Co., Inc., Elk River, 
Minn.; Rock Products, 
Feb. 1952, p. 169 
Dart Manufacturing & Sales 
Co., 
Colorado Scientific Society, 
Proc. V. 15, No. 8, 1951, 
Table 1, p. 308 
ACT Journan, Nov. 
Proc. V. AT, p. 259 
Dry MixCrete and Supply 
Co., Grand Rapids, Mich.; 
Rock Products, Jan. 1953 
ACI Journat, “News 
Letter,” Nov. 1950, p. 19 
Duracrete Block Co., Man- 
chester, N im: ra &£ 
Quarry, Sept. 1952, p. 217 


Products C'o., 


kk ecrete 


Jeterete 
Jolterete 
Kem-hrete 


Denver, Coio 
hKonecrete 
Koter 


1950, Krete 


Laviac rete 


Lenscrete 


Macrete 


Dura-Crete 
Muncie, Ind > Engine ring 
VNews-Re Jan LS, 


1953, p 


Marblecrete 


ord, 
156 
Maas rete 


Mearlerete 
Products Co., 


Nlo 4 Rock 


1952, p. 117 


eternacrete 
Kansas City, 
Products, July 
Ltd., 


england; 


Me rerete 


lerroconerete Lanca- \Mloracrete 


shire, Concrets 

& Constructional Engine "i 

1953 

Webster’s Neu 
Dictionar 7 


ing, Jan Nailerete 
I niernationa 
Oncrete 


Panelerete 


Engines ring | London), Sept 


14, 1951, p. 345 


Foam-Crete Inc 
Pu : Rock Products, 
1953, p S2 


Scranton, 
Jan 
Patcheret 
Ltd 
Constructiona 
Aug. 1951 


Roche ster 


\. King & Co., 


Concret A 


1 nncrete 
/ 


Engineering, 

Ltd., 
england (cable 

Le Don Trice 
ra.: Fil 


1952, p 


Ve rmacret 
( ole rete 
address Plasticrete 
Harmarville 

Quarry, Oct Plastocrete 
162 


» 
Pore te 


Pumicrete 


Imperial Construction 
Equipment Co.; Pit A 
Quarry, Dee. 1952, p. 74 

Vilitary Engineer, May-June 
1950, V. 42, pp. 176-178 


Stearns Manufacturing Co 

Sherwin-Williams; 

ws-Re-ord 
15, 1953, p. 156 

Tilden Manufacturing Co., 
San Clemente, Calif 


EB ngi 


necring \ Jan- 


Iurst-Roseche Co . Engin ’ 
ing News-Record, Jan. 15, 
1953, p. 156 

Rock Produ is, 
p. 128 


Nov 
Lenscrete Ltd., 
Concrete & Constructional 
Engineering, Jan. 1953 
The MacLeod (A., 
nati, Ohio; 
“News Letter,’ 
pp 15 
& Quarry, 
p 176 


| eb 1053 


Sept 


11 


Mearlfoam 
\ik 
John A. Mercier Co 
born, Mich 
Norsaerete 
Dublin, Ireland; 
Pip \ is 
Concrete & 


Mast port 


Dent 


July 1952 

Constructiona 

1952 

, Chicago, Tl 

National Panelerete In 
Engineering News-Record 
Dee. 4, 1952, p. 122 


Conerete 


Engine ring, Jan 


Lowebeo Ine 


Co., Richmond, Va 
Penn-Crete Products 
Philadelphia, Pa 
Products 

Ohio 
The Plasticrete ¢ 


Permacret 
Greenville 
orp Ham 
den Conn 
Sika Chemical ¢ 


Salc, N. J 
Nig 


orp., Pa 


Porete 


LQSI, 


London; 


C'incin- 
ACT JouRNAL, 


('oncrets 


Products ( DR 


Pip nna Pro lucts 
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Pumpecret 
Pumpecrete 


Pykrete 


Redi-Mix-Crete 


Refracrete 


Resto-( ‘rete 


Sakerete 


Sakrete 
screwcrete 
sealocrete 
semuconcrete 


Semiucrete 


Shadeacrete 


Shadecrete 


Shockerete 


Shoterete 
Sikacrete 
Snowerete 


soo-C rete 
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London, England 
Chain Belt Co., Milwaukee, 
Wis. 
\(merican 


Concrete Léd.. 


Pump 


Geophysical 

Union, 7'ransactions V.31, 
Apr. 1950, p. 278 

DryMixCrete & Supply 
Co., Grand Rapids, Mich. ; 
Rock Products, Jan. 1953 


AC] 
Letter,” Sept 


RNAL, “News 


1951, p. 22 


Jor 


Sakrete 


Ohio 


Ine., Cineinnati, 


Sealocrete Products 


Ltd.; 
Concrete & Constructional 
Engineering, Aug. 1951 
Webster’s New 


Dictionar 7] 


International 


Concret & 


Engineering, May 1951 


Conoetructional 


Shockerete Products  Co., 
Hloddeston, Hertsford, 
england: & Con 


Engi necring, 


Concrete 
structional 
Feb. 1952 

ACT JouRNAL, 
Proc. V. 47, p 

Sika Chemical 
Passaic, N. J 

Vilitary Engineer, May-June 
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Nov 
IS6 


1950, 


Corp . 
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& Quarry, Sept 
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Sprayerete 
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Sparkle-Crete Co., 
Il. 


Western Waterproofing Co 


Chicago, 


Chicago, Il. 
American Concrete 
Star 


1952 


( orp.; 
Lone Cement News 


\ug 


Great Lakes Carbon Corp.; 
Petroleam Technology, Jan 
1951 

Sasalt Rock Co., 
Calif. 
st Boniface, 


Concrete. 


Inc x ipa, 
Manitoba: 
1952, p. 37 


July 


Telecrete Liquid) Concret 
Tipper; Ciml Engineering 
& Public Works Revieu 
July 1952, p. 525 
Fort 
Texas; Concrete, De 


Texerete Co., Worth, 
1951 
Tile-Crete Products  Co.. 
Tvler, Texas; Rock Prod- 
ucts, Dee. 1952, p. 203 
Construction Machinery Co.; 
Mar. 1952, p. 35 
Pit & Quarry, June 1951, p 


Wortherete Co ‘ Fort Worth, 
Texas; Rock Prod icts, Fely 


1952, p. 159 


Concrete, 


Laboratories: 
Ne u 


1952,p 


Truscon 


En- 


s-Record, 


gineering 
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of Significant Contributions in Foreign and Domestic Publications 


Load distribution for continuous two-way slabs 

(Lastverteilung bei mehrfeldrigen kreuzweise 

bewehrten Platten) 

} BIAl Betor ‘ t etor ‘ ! \ 1) 

No. 6 1951, pp. 135-13¢ 
Reviewed by Rupotrn Fiscut 


Formulas are developed for reetangular 


slabs, supported at four sides with different 


kind of restraints. Results are given in two 


diagrams, one for the load distribution, the 


other for the negative moments over the 


supports and the resulting field moment 


Methods to measure entrained air in concrete 

(Methodes de mesure de la quantite d’air 

occlus dans les betons aeres) 

Vateriaur de Cor fier Paris 
Reviewed by 


145, pp. 279-82 


No 
Poinuipe L. Meuvinwu 


three 
ASTM standards to determine entrained air in 


Brief description and discussion of 


fresh concrete (7.e., gravimetric, volumetric, 


tnd compression). A method to measure air 
in hardened concrete is also reviewed 


Concrete bridge over canal 

W. Scorr Wirtson,. The Surveyor Londor 
No. 3154 and 3155, Aug. 16 and Aug. 23, 19 
21-523 and 539-540 


Reviewed by M. W. Jackson 


Complete calculations and drawings for two 
The first 
bridge spans double railroad tracks, requiring 


reinforced footbridges. 


conerete 


stairs at both ends. The second bridge spans 


24 ft wide canal; left end of bridge almost 9 


It lower than right end, requiring 


steps 


Valuable design problem. 


Historical development of structural theory 


es HAMILTO Proceed Ins iti 
Lond Past fil, V. 1, 2 
74-410 

Reviewed by At 


Volt ibout conerete, bit recommet! ded as an 


excellent concise summary to all structural 


engineers who want to know more about their 


field of endeavor and its bae kground 


Lintels 


LC. EB. Hero 
3145, Apr » 105% 


r (Lond \ 
215-217 


Reviewed by M. W 4 


Lintels supported on steel angles or pre- 


cast reinforced concrete built by rule-of 


thumb may be wasteful of steel Precast 


reinforced concrete lintels designed may re- 


quire only one-third the steel put in by rule- 
ol thumb method Design caleulations illus 


trated by numerical examples 


Modern construction methods for the recon- 
struction of the Hamburg harbor (Neuzeitliche 
Baumethoden beim Wiederaufbau des Ham- 
burger Hafens) 


Anvep Bowie, Der Bauir 
%, Sept. 1952, pp. 442-445 


Survey of reconstruction to date, which 


author indicates is) only about 1) percent 


complete In spite ol the huge outlay, indi 
magnitude of the war-inflieted 


damage Ol 14 


eating the 


pier sheds, ten are of rein 


forced concrete Concrete was also used for 


the 90x 17-m landing stage pontoons 
| 
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the book or article reviewed is in English 


MeNichols Rd., Detroit 19, Mich. 


If it is followed by a foreign title the work reviewed is in that lang 


Where the English title only is given in a review, 


inge 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 


original article is indicated in parenthesis following the English title 


available through ACI 


available, will be furnished by ACI on request 


In most cases they can be obtained direct from the original publishers 


Copies of articles or books reviewed are not 
Address, when 
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Concerning the influence of friction forces dur- 
ing prestressing in reinforced concrete con- 
struction (Ueber den Einfluss der Reibung- 
skraefte bei der Vorspannung im Stahlbeton- 
bau) 

W. Swipa, Der 
Na 1952, pp 


Bauingenieur 
169-171 


Reviewed by 


Berlin ¥. 2, Na & 
Anon L. Minsky 


Author 


loss of prestress due to friction in the case of 


develops formulas for evaluating 


curved strands (¢. g., such as are used in con- 


tinuous girders), the distribution of bearing 
pressure under the strands, and prestressing 


force as a function of frietion and bearing 


The similarity of the formulas to 


belt 


pressure 


those for ordinary friction is of 


eourse 
marked 


Concrete pumped through rubber hose now 
possible with new aggregate 
Roads and Engineering Construction (Canada V. 90 
‘ 10, @vet, PO52 p. 116 

Reviewed by M. W JACKSON 
Describes synthetic aggregate developed by 
Armour Research Foundation, which consists 
of tused clay particles, 


perfectly round and 


uniformly graded. Concrete mixes using the 


new material in place of sand or other agygre- 
gates are very fluid, even 


though water 


content is low 


Lateral stability of the tension chords of rein- 
forced concrete suspension structures during 
prestressing (Ueber die Kippsicherheit der 
Zuggurte von Stahlbetonhaengewerken waeh- 
rend der Vorspannung) 


Senwarnz, Der Bauingenieur 
May 1952, pp. 163-167 
Reviewed by Aron I 


Rowen Berl \ 7 


Minsk) 


Develops criteria for lateral stability” of 


suspension-type structures such as have been 
used to support hangar roofs over wide door 
openings.  Prestress is applied by jacks built 
inte the vertical hangers or struts 

While reintorced 


concrete structures are 


ad citi ally deseribed, method ippears applic 
able 


to steel structures as well 


New building for Boeing engineers 
Weete ( truction, V. 27, No. 10, Oct. 1952, pp. 70-71 
Reviewed by M. W 


JACKSON 


Describes 240,000 sq it reinforced concrete 
both 
1! .-in 


building, columns spaced 25 ft direc- 


thick, 
No column capitals, but 


tions, slabs 9 in with drop 


panels it square. 


pre tubricated “spiders” were used to increase 


shear resistance over columns. Complete 


dimensions of spiders are shown 
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Lightweight high strength concrete and _ its 
future in France (Sur de beton leger a grande 
resistance et sur ses possibilites de develop- 
pement in France) 


R. Le Lan, Rerue de Vateriaus de Construct 
Paris), No. 446, Nov. 1952, pp. 316-321 


Reviewed by Puitup | MELVILLI 


Following Swedish and German examples 


the manufacture of lightweight concrete is 
It isa “cellular concrete” 


the 


starting in France. 


where free lime combines with silien 


under high steam to 


The 
is light and porous with a specific gravity of 
05t0 0 7 


temperature form 


silico-calesreous compounds material 
Foaming of the paste is obtammed 


by adding aluminum with resulting release 


ol hydrogen 


West's first major prestressed concrete highway 
bridge 


Wester) fructior 4 No. 11 Nov 1952, pr 


1-57 


Reviewed by M. W. Jackson 


11-20 
gay, Ore 


Two-lane long neutr 


bridge 12:3 ft 
(Coos built by 


Public 
long and 28 girders 60 ff 


will be Bureau ol 


touds It requires 28 girders 45 ft 


long, which ire 


precast, post tensioned unsvmmetrical I- 


beams. The 60-ft girders are 3.33 ft deep, 


spaced 5.33 ft on centers. 


Low bid tor project represents price ol 


$15.11 per sq ft of bridge. In terms of pre 


stressed concrete, the successful bid price 


was $150 per cu yd. Designed for Freyssinet 
system of stressing, but contractor permitted 
to elect any other 


system Piving 


strength, and he will be permitted to increase 


sume 


depth of girders it that will be an advantage 


in the tensioning svstem he elects Speciti- 
cations for job relating to casting and post- 


tensioning girders quoted in detail 


Modern concrete making methods 
Rovr Hammonp, The Surveyor (Londo ¥. 211, N 
3152, Aug. 2, 1952, pp. 487-488 
Reviewed by M. W. Jackson 
teviews principles of concrete mixes, 
then 
Summary of 
One 


and 


discusses use of prestressed concrete 


recent construction projects 


tvpe of pneumatic rubber tubing for 
ducts for cables ot post-tensioned prestressed 
concrete described Rubber tubing made so 
that when deflated, an integral woven cotton 
has the 


away from the concrete 


fabric effect of tubs 


twisting the 
so that the tube may 


be removed easily 





CURRENT REVIEWS 


Globular clay aggregates 
irchitectural Forum, V. 97, No. 4, Oct. 1952, p. 159 


Reviewed by M. W 


JACKSON 

Describes development ol spherulized clay 
aggregate at 
Compares prices and properties of various 


Armour Research Foundation. 
conventional lightweight coneretes with this 
The 


spherulized clay weighs 15 to 24 lb per cu ft, 


material which is a synthetic aggregate. 


und concrete strengths to 3000 psi are possible 


with it. Price given for this on experimental 


basis estimated at $14 per cu yd, which is 


still too high for the usual job. 


Most recent dams by the ‘‘Societa Adriatica di 
Elettricita (S. A. D. A.)” in the eastern Alps 


Civil 
Sept. 1952 


SemMenza, Proceedings, Institution of 
Engineers (London), V. 1, No. 5, Part I, 
pp. 5908-558 


(CARLO 


Reviewed by Aron L. Mirsky 


Paper describes design and construction of 
the Lumiei (dome-shaped shell), Piave (arch- 
gravity), Val Gallina (dome type), and Valle 
di Cadore (arch) dams, constructed in long 
rocky gorges and hence of necessity very tall. 
fesults of analytical studies, using several 
methods, were verified by model tests; gage 
readings on the dams themselves are also 
heing made 

Additional discussion appeared in the Nov 


1952 issue (V. 4 No. 6), pp 783-785 


Roof structure in tension 


ITacor V. VosHinin, Architectural Forum, V. 97, No. 4 
et. 1952, p. 162 


Reviewed by M. W. Jackson 


State fair livestock 
Raleigh, N. C 
tion, 


judging pavilion at 
(photos and general descrip- 
134-139) 


crossed 


thid. pp , consists of two in- 


clined arches and supported on 
columns with a suddle-shaped roof. The roof 
is carried on cables supported by the arches 
ind in turn carrying corrugated metal deck- 
1lige and bonded roofing The suspended root 
is a “reversed dome.” Discussion of design 
requirements reé garding suction, temperature 


change, and other factors 


Some recent developments in concrete tech- 
nology 
A. STEWART neering Londor \ 174, No 
9, 4520; Sept. 5, 195 ». 313-315; Sept. 12, 1952 
154-356 
"vy Anon L. Minsky 


Author discusses packing and voids, maxi- 
mum width of 


Wor k 


aggregate size form- 


and Spacing ol bars, 


versus 


and mix design 


687 


He concludes that gap-grading ol aggregate 
permits full mathematical predetermination ol 


mix: proportions, water-cement ratio, and 


workability; and recommends, as sound and 


econom practice, bars in close 


than 
formly in the reinforcement 


spacing 
rather them uni- 
The re- 


sult. is a reduction in the required width of 


groups distributing 


zone 
beam. Grouping must however be done in 
such manner as to permit entry of a vibrator 
into the reinforcement zone, to ensure good 
The great 
according to the author, is 


advantage of vibration, 


that it 


bond. 
makes 


possible immediate 


| lorms 


stripping ol 

The paper was originally presented under 
the title “Vibrated Concrete” at the Septem- 
1952, British Assn. for 
Belfast 
Discussion of the paper is briefly reported in 
101) 


ber, session of the 


the Advancement of science, in 


the Sept 26 Issue (p 


External loads on pipe with cement mortar 


H. L. Wuarre, Journal of American Water Works A 
V. 44, No. 6, June 1952, pp. 518-524 
Reviewed by M. W. Jackson 


Pipe commonly known as modified pre 


stressed-concrete evlindet pipe 1s classed us 
Much data available for external 
flexible 


Problem does 


semirigid 
load-carrying capacity of rigid and 
pipes, but little for semirigid 
not lend itself to strict, mathematical analysis 
Results of load tests given for three types of 
as deflection 


pipe designs, as well measure- 


ments plotted, and conclusions 


Corrosion failure of steel reinforcement in 
concrete pipe (Cas de rupture par corrosion 
d'une frettenacier dans des tuyaux en beton) 


Avperr Nicor, Reouwe des Materiauxr (Pari No. 445 


et. 1952, pp. 257-67 


Reviewed by Puitume L. Me ILL 


Concrete pipe 5m long and 0.9 m in diam 
eter were made of a steel wire wound under 


tension on & portland cement conerete core 
and covered with about 1 in. of metallurgical 
treated by the 


Failure of the 


cement concrete vacuum 


process renmtorcement was 
observed for 8 percent of the pipe within six 
months. It does not appear that the attack 
is due to chemical action, especially ot the 
calcium sulfide in the metallurgical cement 
that it is due to 


Laboratory tests indicate 


galvanic action, aggravated by the juxta 


position ol two different cements, d impness, 


and uneven ventilation 
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Recent developments in the use of concrete 
and reinforced concrete 

S. D. Lasu, The 
$5, No. S, Aug 


Montreal 7 


Engineering Journal 
1952, pp. S27-835 
teviewed by 


Anon L. Mirsky 


Comprehensive summary of the advances 
in concrete technology of the past 20 years, 
Author 
cements, poz- 

aggregates, 
q., high strength concrete, 
“Pre. 


concrete, plates and shells, long-span 


European, American, and Canadian 
covers briefly materials (e. g., 


zolans, lightweight admixtures) 
and techniques ( 
precasting, and 
pakt”’ 


bridges) 


prestressing, vacuum 
\ valuable review of the field, de- 
signed to serve as a brief but comprehensive 


refresher course for the busy practitioner. 


Recent bridge reconstruction in 
Buckinghamshire 


a. « seeven, The London ¥. 111, No 
$132, Mar. 15, 1952, pp. 171-172 
Reviewed by M. W 


Surveyor 
JACKSON 
Three-span masonry arch, Padbury bridge, 


total built 1830 
carrying highway traffic, was in bad repair. 


length 72 ft, about and 
It was widened 9 ft on each side with rein- 
forced concrete arches. New work was faced 


with masonry and old stonework repaired. 
No outstanding difficulties, 


per formed by county 


but job typical 
ol many bridge engl- 


neers In Great Britain 


Roads—through the ages 

CHances J. Meroincer, Military Engineer, \V 
(WO and 301 July-Aug Sept.-Oct 
$40-4344 


14, No 


1052, pp. 268-275 


Reviewed by M. W. Jackson 


An interesting summary of engineering 


history of roads from the earliest times.  In- 


cludes details of Roman roads built 3.5 to 
1 ft thick, down to modern concrete pive- 
ments First experimental concrete pave- 
1865; a concrete block 


ISS6; 


ment built in pave- 


ment laid in concrete) pavement in 


Grenoble, France, I876, and Bellefontaine, 


Ohio, ISO3 
det itl 


\ careful study with a wealth of 


Cementction of oil wells (in Dutch) 


Pu. 
No, 21 


Huisman and J. G. Sruve, Cement 
pp. 370-374 


Amsterdam), 
1052 


Reviewed by J. W. T. Van Ene 


More than 30 vears of development of the 
use of cement in finishing oil wells by Nether- 
Neat 
without, addition of 
ratio of O.40-0.50) (by 


lands oil companies is deseribed 


cement paste is used 


with a WUC 


sand, 
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weight). In the deepest wells the paste is 
pumped to depths greater than 15,000 ft, 
where temperatures of over 120 F and pres- 


sures of 14,000 psi are reached. This pressure 


alone shortens the setting time bv 50 percent, 


and an extremely slow setting cement is re- 
quired to enable it to reach its final destina- 
tion. The deeper the well the slower the set 
should be, retaining at the same time the low 


viscosity for “pumpability The require- 


ments for different. wells may therefore vary 
considerably and cements have to be classified 
for shallow, medium, and deep wells, the 
first ones being most similar to construction 
Other 


adequate bond to the encountered rock for 


type cements. requirements are 
mations, watertightness, freedom from cracks, 
and resistance to salt water. Highly special- 
ized types of cement have been developed 
minimizing the possibilities of failure ot 


hole, 


investment in 


cementation of a well representing a 


considerable drilling costs 


alone 


Assembly-line concrete barracks 
Western Construction, V. 27, No. 12, Dec 


1952, pp 


Reviewed by M. W 


JACKSON 


Thirty-one permanent barracks are under 
Fort) Ord, Calif., 


Buildings consist. of reinforced 


construction at 
$12,000,000 
concrete frames, steel pan concrete floors, and 
filles The 
job presented an opportunity to 


costing 


walls of concrete masonry units 
unusual 
heavy 


methods de- 


apply assembly-line procedures to 


construction Procedures and 


scribed 


Reconstruction and alteration of the Untermain 
bridge in Frankfurt am Main (Neubau und 
Umbau der Untermainbruecke im Frankfurt 
a.M.) 


ALEXANDER Jacont, Der Bauinger 
No, 6, June 1952, pp, 195-201 


Reviewed by Anon I 


\IIRSK 


New 


spans averaging 3 


structure consists of five continuous 


2 in, of composite construc- 


tion, plus two remodeled masonry arches it 


one end, four at the other Spans were 


built. as simple Spans, then supported at their 
centers during placing operations; the tem- 


porary supports were removed before the 


Spans were riveted ove the plers tor con- 


tinuity Measurements were taken on the 


completed structure Joaded with trucks and 


trolley ears 





CURRENT REVIEW 


Concrete pipe manufacture by the vacuum 
process (Fabrication de tuyaux par les procedes 
vacuum concrete) 

R des Mat Paris), No. 445 t. tase 


Reviewed by Paitiuiw L. Meuvinwe 


Vacuum concrete has been used recently 


In Europe in the 
pipe. 
HIN 


manulacture of concrete 


Pipe are cast vertically with a plastic 


well vibrated Vacuum is then applied 


lor up to SO minutes and the forms may then 


de removed \ phenomenon ol pseudo- 


solidification stiffens the conerete and hard- 
ening takes place in 1/3 the time of ordinary 


concrete The pipe are handled by a& vacuum 


lifte I The Process ¢ inno be offic iently used 


on small diameter pipe Several examples “ure 


given 


Calculation of the compressive stress curve in 
reinforced concrete beam sections (in German) 


H. Hamann, Schire rische Bauzeitung. V. 70, No. 44 


Nov. 1, 1952, pp. 629-030 


Reviewed by M. W 


JACKSON 


An attempt is made to present a more 


exact solution for the distribution ol com- 


pressive stress In a re inforced concrete beam. 


\ linen 


not of 


variation of strains is assumed, but 


stresses; the concrete is assumed to 


earry no tension 


Constants in the derived expression are 


evaluated on the basis of measurements of 


strains on the lower surtauce of a concrete 


then cal- 
The re- 


viewer believes this procedure is unreliable 


beam specimen Steel stresses are 


culated on basis of plane sections 


Damming of the Doveelbe (Die Abdaemmung 
der Doveelbe) 


Der Bauinger Berl 
pp. 313-334 


Sept. 1952 


Rev j ae | 


MIresky 


Planning fundamentals 


BERNHAKD KRESSNER, pp 


ll. Design 


SERNHARD SIEBERT 


ll. Construction 
Hans Lave 


Thorough report on the project ot con- 


trolling the Doveelbe, one of the branches 
of the Elbe flowing through Hamburg. In- 
volved were five dams with navigation locks 
ind other Total estimated cost 
imounted to 6,400,000 DM, or 9,850,000 DM 
if necessary control and protective works on 


the Norde relhe 


structures 


and Suederelbe are included. 


Concrete skew bridge over railway 
W. Scot? Witson, The Surveyor (Londor 
$144, Mar. 22, 1952, pp. IS0-190 


Reviewed by M. W. J 


Detailed 


for beam and girder skewed bridge 


calculations and drawing given 
with 20-ft 
roawdway and 5-ft walks, 23 ft long. Decking 
composed of conerete arche | segments 2 in 
thick, 5.33 ft long, 18 in fitted into 
\Iass con 


segments providing a 


W ide, 


ledges left on secondary beams 


crete placed on these 


floor 6 in. thick at crown, 8 in. at 


springing 


capable of supporting 400 pst An economical 


use ol steel In this tv pe ol bridge 


Dowel-bar joints for airfield pavements 
Auumstrer Lor, Proceedings, Institutio , 
Engineers (London), V. 1, No. 3, Part II, Oct. 1952 


pp. 612-661 


JOHN 


teviewed by Anon LL, Mirsky 


Paper is excellent summary of joint be 


havior, dowel behavior, and effect. ot tyym 


cites 


and spacing ol dowels and w irping ol 


Author 


disadvantage s ol 


due to temperature changes 


advantages and dowels, 


noting that their use results in balanced de 


sign (slab edge s are just is the rest 


is strong 
of the slab; or conversely, part otf thre dye 


load is transmitted across the joint to the 


adjacent slab), and giving charts comparing 


cost of dowels with cost of conerets required 


to make the entire slab thicker 


Research on cement: Ample room for ex- 


pansion 
The Surveyor ywdo lil No 
1952, p. 504 


iewed b 


Report ol speech by Mil sen Lav KSperser 


secretary ol Department ot Serentifi ind 


Industrial Research, England Reviews im 


portance ol cement and conerete ind re 


search activities in Great) Britain (‘riti 


CISIDS could apply equally well to the | nited 


Stutes engineering research on 


eonecrete 
found in 
little 


Various universities, but there is 


corresponding university research on 


This 


hie ivy 


the physics and chemistry of cements 
suggests While the 


emphasis is on applied research, fundamental 


lack of balance 
research on cements should not be neglected 
The reviewer wonders if the development. of 
a cement with a much higher tensile strength 
might not invalidate much of the research on 
empirical concrete design procedures. Is such 


a cement impossible? 
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Photoelastic investigation of plates by the two- 
layer method (Spannungsoptische Untersuch- 
ung von Platten nach dem Zweischichtver- 
fahren) 


A. Kuske, 
22, Aug. 1, 


Zeitachrift V 
1952, pp 


DI 
745-747 
feviewed 


Duesseldorf), V. 94, No 


by Arnon L. Mirsky 


the 
investigation 
the 
structed of two plates with dissimilar stress- 


transversely 


Discusses double-layer method 


phot oelastic 


ol 


loaded plates, wherein models are con- 
optical sensitivities bonded or laminated to- 
The effects the 


and such 


gether. stress-optical of 
of 


being an 


tension compression 
the 


obtained 


regions 
models 
effect 


not cancel, result 
to that 
two-dimensional photoelastic analysis 

An this 
paper also appeared in The Engineers’ Digest 
(London), V. 13, No. 9, Sept. 1952, pp. 307- 
30S 


do 


similar in the usual 


excellent illustrated abstract of 


Houses completed in seven weeks—''no fines"’ 
concrete construction 


The Londo \ 
1952, p. 173 


Surveyor 111, No. 3132, Mar. 15 


Reviewed by M. W 


JACKSON 


Construction of six low-cost) demonstra- 


“*No-fines”’ 


wall 


tion houses deseribed. concrete 


used produces cellular with thermal 


insulation equal to 11 in. brick cavity wall. 


Forms, prefabricated and reused, for ex- 


terior of complete two-story house hoisted 
nto place on prepared foundation, and com- 


An 


Tiss 


plete house walls placed in one day. 


economical type of construction tor 


production, 


Economy in construction depth in highway 
bridges 

A. W. Hatt, 
Nov 1952 


”) 


The Surveyor 
pp. 747-748 


Reviewed by M. W 


Londor V. 111, No 


3168 
JACKSON 


For cases of limited clearances for high- 


way bridges, comparison is presented be- 


flat rolled 
steel joists completely embedded in concrete, 


tween reinforced concrete slabs, 


and prestressed concrete solid slabs. Designs 
summarized in tables for spans from 20 to 
5O tt 

Kor 40-ft span, for example, concrete slab 
minimum depth is 26 in. and requires 16.9 
psf of steel. Steel joist type, depth is 18 in., 
and requires 49.7 psf of steel. Prestressed 
concrete, depth is 16 in., requires 5.5 psf of 


steel 
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Refinements in thin-shell concreting 
Methods and Equipment, \ 


1952, pp. 52-56 


Construction 
De« 


Reviewed by M. W. Jackson 


methods used for 
World Airlines 


Hangar span is 270 ft, rise 65 ft, 


Describes construction 


twin hangars for Trans in 


Chicago. 


thin shell, varying from 3.5 in. at crown to 6 


in. at edge, placed near mid-depth of arch 


ribs. Traveling timber areh forms were 
lighter and much less massive than usual de- 
signs in that all diagonal members consisted 
of steel rods and cables. Each roof completed 


in two pours, each taking less than one dav 


Clalite lightweight aggregate 
manufactured in Denver 


Bos Morris 
No. 1 Nov 


now being 


Engineer's Bulletin Denver), V st 


1952 pp. S-0 


Reviewed by M. W. Jackson 


Describes process and operation ot new 
$500,000 plant for the manufacture of ‘“Cla- 


lite’—trade name of a new lightweight 


aggregate concrete block. Clalite aggregate 
is made by sintering-burning of clay or shal 
mixture ol 


to incipient fusion. A crushed 


clay, coal, and water is mto i 
gus The 
sintered cake is then ground, screened, and 
Finished 


12 to 50 Ib per cu ft 


brought 


furnace fired with oil or natural 


ready for use aggregate weighs 
Minimum daily pro- 
duction of this plant utilizes about 600 cu 


vd ol clay-shale and coal. 


Architectural problems of shell concrete con- 
struction 


hy. Leste Gare 
3144, July 12 


Sur 


The 


1952, pp 


London), V. 111, N 


130 140 


Reviewed by M. W. Jackson 


Paper presented ut 
Shell Root Construction 
10 length of shell. 
grid is span to chord width ratio of 2:1, the 


span 


( ‘on- 
Suggests a 


Symposium on 
crete 
rise of 1 Most economical 


being the length between supporting 
columns 
Shells 


common 


usually 
method 


require insulation; most 


has been an = insulating 
board on bottom edge of roof, acting as a 


This 


reasons. 


permanent formwork. has been un- 


Preferable 
types include foamed slag, vermiculite, and 


satisfactory for many 


expanded clay aggregate laid on the roof over 
a sheet. of impervious building paper and a 
weatherproof finish applied. Discusses ther- 


mal movement, internal finishes, lighting, 


and installation of services. 





CURRENT 


Prestressed concrete fencing—vuse at London's 
new reservoir 


310 


London), V. 111, No. 3141, May 17 


1Q59 
1952, p 


Reviewed by M. W. Jackson 


\ total length of 
being supplied for project. 


3.25 miles of fencing is 
Consists of posts 
9 ft long spaced on 9-ft centers with top and 
and 


Posts 


bottom rails spanning between them 


pales to 
308 |b, rails 129 Ib. 


supporting 17 each bay. 


weigh Pales weigh 36 lb, 
withstand «a static concentrated 
200 |b applied at 


showe d they 


designed to 
load oft midspan; tests 
met design requirements with 


All 


‘ leme nts of the fence are of prestressed con- 


deflection of 1/16 in. and no cracking. 


rete. 


Relative economics of prestressed concrete 
compared with other forms of construction— 
aluminum, reinforced concrete, steel, and 
timber 


Proceeding Institution 


a0 4, Part I 


of Civil 
1952 pp 
Reviewed by 


engineers (London 
s00-422 


Anon I 


July 
Mursk ¥ 


Comprises six short) papers introductory 
to the forum session: a general review of the 
field, by John Ratter; aluminum, by Douglas 
Vietor Pike Kred- 


erick Sidney Hubert Shirley 


\ Phillip Oliver Reece; 


: reinforced conerete, by 


Snow; steel, by 


Smith: timber, | and 
prestressed concrete, by John ( uerel 

Asper 
tenance 


ability 


ts discussed included first cost, main- 
economic life, ease of erection, avail- 
with especial reference to the sterling 


areas), and security against damage by fire 


ind other agencies 


House construction by means of Mont system 
concrete block placed without mortar (in 
rencn 

Le Genie 1, \ 455 


JACKSON 


119, No, 23, Dee. 1, 1952, p 
Reviewed by M. W 


\ new type building block consists of an 


unsymmetrical I-shape. A wall is constructed 


without by two vertical lavers of 


block, 


mortar 
placed sO that the wider flange forms 
flange 
the 
the 
Horizontal joints 


while the narrower 
the 


un outer surtace, 


interlocks with second layer, and 


wider flange of the second layer forms 


inner surface of the wall. 
between the two lavers are staggered by using 
a half 
Wall 

ll or 


cornet 


block to begin one side ot the wall. 


thicknesses so constructed are about 


13 in.; block are 9 in. 
blocks ure 


high. Special 


used. 


REVIEWS 


Prestressed concrete railway bridge 
The Eng London), V. 194, No. 5055, Dee. 12 


1952 pp SO5-S06 


neer 


Reviewed by Anon L. Mirsk) 


160-t 
span on a 58.5 deg skew, over the River Don 
at Rotherham 
is formed of two deep prestressed parapet 


Bridge is single-track structure of 
Trough-type superstructure 


girders 17 ft 6 in. apart (on centers), with 
depths of 12 ft 6 in. at center of span and 9 ft 
at the ends, prestressed by the Lee-MeCall 
system. Designer estimates total saving in 
cost over structural steel at about $19,600 
An article on this bridge also chp ared in 
Civil Engineering, Jan. 1953, pp. 50-54 
Pumice block panels—tensioned with steel 
rods, they go up quickly at cost of 81 cents 
per sq ft 
Architectural Forum, V. 97, No. 1 
163 


July 1952 


Reviewed by M. W 


JACKSON 


Structural floor and roof panels, 4 x 10 ft, 
x6 it 1x 


ft, cost 81 cents per sq ft in place, including 


structural wall panels, and 
19.5 cents per sq ft site labor used in a re 


finery addition in California. Floor system 
assembled from tiles held together with steel 
the United 
Strestcrete pane ls for this job 
7.5.x 16-in. block with 


After block, 
they were assembled into panels and held to 


tie rods were used in States as 


early as 1889 
were fabricated from 


various thicknesses curing of 


gether by two 3,4-in. rods in bottom and one 


1o-in. rod in top tor each line of block 


Inelastic deformation of reinforced concrete in 
relation to ultimate strength 


Henry J 
4518S, Aug. 20 


Cowan, Eng im ) \ 


1052 


174, Ne 


Anon L. Minsk 


Reviewed by 


teview of the present state ol knowledge 


Author discusses the rheo- 


ol the subject 


logical mode] ot concrete proposed by Burgers 


(in the Sept. 19, 


{oss 


1952, 


deseribes an 


381, A. D 
the 
the stress- 


issue, Dp 
improved model), 


mode of failure of concrete, why 


for low-strength concrete con 
the that 


for high-strength concrete in general does not 


strain curve 


tinues beyond maximum whereas 
He mentions that the plastic design method 
is valid in concrete if the concrete is under 
the 
that 
shown no appreciable moment redistribution 


An 


reinforced or number of redundancies 


is small, but recent experiments have 


in an over-reinforced portal excellent 


summary for the earnest student 
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Testing a prestressed concrete bridge 
The Engineer (London V. 194, No. 5051, Nov. 14 
1952, p. 648 

AKON I 


Reviewed by 


Minsky 


Assn.’s 


supplementary report on the test to destrue- 


Abstract of Cement and Concrete 
tion of the prestressed concrete footbridge at 
the South Bank Exhibition. Further exami- 
nation of the remains led to the following 
conclusions: concrete quality Wiis good; there 
was no evidence of slip in the deck cable 
anchorages; the grouting of the cables was 
unsatisiaetory in fact, some core holes were 
free of grout; some movement of the rubbet 
cores had occurred at midspan and over the 
support, indicating the essentiality of 
Spacing 

advantage ol 


rigid 


close this will have the 


fixing at 


additional reducing friction 


Prepakt concrete is subject of independent 
investigation 

Roads and Engineering Construction (Canada V. 90 
1952, pp. OS-106, 121-137 


Reviewed by M. W. Jackson 


No. 4, Sept 


official 


Army Corps of Engineers test made in 1949 


excerpts from report of [ s 


at) Vicksburg Waterways Experiment Sta- 


tion Two test structures consisted of a 7 


2. 
eu yd block analogous toa portion of a dam 
vd reinforced concrete bridge 


and a 5-cu 


Construction was under careful control, 


measurements of heat, shrinkage, ete., made, 
continuous observations and inspection, and 
drilled and tested. 


scribed in detail, but final was that qualities 


cores Conclusions de- 


of Prepakt concrete compare favorably with 


those of conventional concrete. 


Apartment house construction methods 
Progressive Architecture, V. 33, No. 11, Nov. 1952, pp 


wp-S4 


Reviewed by M. W 


JACKSON 


Discusses construction methods used for 


three multistory apartment buildings, two 


in Georgia (Barbizon Towers;and Drayton 
Arms) 


Apartments) 


and one in’ Philadelphia (Flamingo 
In each the architects and en- 
gineers believed that reinforced concrete 
design offered more opportunities for econo- 
my than would have been possible through 
One was flat 
ribbed 


beams. For the 


use of structural steel. slab 


construction; the others slabs with 


wide shallow Flamingo, 
cost was about $2.00 per sq ft of supported 


slab for entire structure including foundation 


AMERICAN CONCRETE 


INSTITUTE 


March 


Double cantilever concrete road bridge 
W. Scorr Winson, The Surveyor London 
No, 3165, Nov. 1, 1952, pp. 693-595 

Reviewed by M. W. Ja 


Detailed calculations and design drawings 


of a double cantilever road bridge of rein- 
three SPHlis, 

The 
Hollow box 
cross section is used, with a maximum ce pth 
The aft 
a sand fill inside the boxes for addi- 
Clear detail of the 


hinge joint where the two 30-ft 


forced 
15, 60, 


concrete, 
and 15 ft, 
are 30 ft, aft arms, 15 ft. 


consisting ol 
respectively fore 
arms 
of 5 ft at the fulerum arm. arms 
contain 
tional counterweight. 
fore 


ins 


meet to form a 50-ft span is not shown 


Corrosion of concrete-encased steel construc- 
tion (Korrosion einbetonierter Stahlkonstruktion) 

Manveu, Der Bauingenieur (Berlin), V. 27, No. 7 
July 1952, pp. 264-265 


Reviewed by Aron L. Minsky 


\ 


Stray electrical currents can Cause Corrosion 
of steel portions ol electric-railway structures 
in contact with moist soil. Porous concrete 
encasement is no protection ; dense concrete 
offers some protection, as established by in- 
vestigation in 1928 and again recently, of the 
viaduct portion of the Hamburg subway 

In the May, 1951, issue (V. 26, No. 5, p. 
151), H Maul | 


deseribed an electrically- 
isolated bridge 


detail 
trouble 


designed to 


bearing 


minimize or eliminate from this 


source 


Strengthening of old reinforced concrete, 
timber, and steel beams on a recent contract 


Joun Farner, Structural Engineer (Londor VV. 30, No 


10, Oet, 1952 pp 236-239 
Reviewed by M. W. Jackson 

tepair ol reinforced concrete silo built ith 
buildings deseribed 
thick, 


stages ol 


1913 and other nearby 
Old floor slabs were 3 in. with many 
history, 


Walls 
with 


openings cut at different 
and evidence of other holes filled in 
thick for full 102 ft 


stiffening 


were 4 in height 


only pilasters and no spandre| 


beams at floor levels, containing generous 


windows. Many beams were badly spalled, 
and some stirrups found rusted through at 
slab soffit 


with detailed drawings; slab demolished and 


level.  Deseribes reconstruction 
replaced with new 4.5-in. slab, beams partially 
eut away and replaced, special care used to 
tie old work to new. No claim of originality 
lor solution, put records of problems of this 


type always of value. 
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Constructing sewage works without steel 
L. B. Eserirr, The Surre \ 
$136, Apr. 12, 1952, pp. 233-234 

Reviewed by M. W. Jackson 


lll, No 


Many British projects abandoned or post- 
poned because of steel shortages, but could 


be redesigned At one time very little steel 


was used in engineering, and many old works 
containing neither joists nor reinforcement 
and using mavbe lime mortar remain to the 


brickwork 


mortar 


present day Mass conerete and 
can be economical because of cement 
which, if constructed sufficiently dense to be 
waterproof, can withstand reasonable tensile 
stresses Need not design in accordance with 
old textbook formulas which assumed absence 
brick, conerete, and 


of tension in MASOnry 


structures. Now safe to assume permissible 
tensile stress at least 60 psi, except for con- 
Tables 


and various types ot struc- 


struction joints are presented for 
suitable designs, 


tures discussed 


Design and placing of high quality concrete 
D. A. Srewart, F. & F. M 1951 
112 pp 


Spon, Ltd., London 


Reviewed by M. W 


JACKSON 


book 
construction 
Most of the 


more complete lorm or in & more usable 


small will 


the 


This 


neithes 


probably 
the 
material is presented 


please 
nor reseure h 
engineet 
hh a 
form elsewhere It is a brief review of its 
field 


texthook 


suitable mainiv for an undergraduate 
No bibliography or references are 
included 

Topics covered include a brief historical 


field 


ind 


review of and present day position of 


prec ist prestressed conerete, conerete 


characteristies and properties, workability 


in theory and « xperiment, batching ind min 


placing and compacting by vibration, 


ng, 


mathematical analysis of vibrations, theory 


and method of mix design using a specific 


bulk density, contractors’ problems, and dis- 


cussion of need for specifications with better 


underst inding of the manv variables 


elated with the behavior of concrete 


Deep-water wharf on the Gambia River 
ng (London), V. 175, No. 4536 


Reviewed 


(West 


conside ! ible 


wharf, at Bathurst, Gambia 


This 
Africa) 


was constructed under 


difficulties but embodies several innovations, 


rendering it botl and relatively in 


simple 


REVIEW! 


expensive, It. consists of a concrete T-shape d 


wharf on concrete caisson piles, plus two 


independent dolphins, either side of 


the head of the : 8 


one ut 
for long vessels 

The CAISSON pile s are tubs s, 75 ft long, 3 ft 
outside diameter, and 2 ft 4 in. inside diam 
eter, open at the top but with a heavy concrete 


the They 


three 25-ft lengths on end 


pomnt at bottom were precast in 


The high-grace 


concrete, made with imported 


uggregate, 


“was dropped 25 ft to start with and was 


brought up the whole height of 25 tt in about 
3 hours” with the aid of rodding plus outside 
vibration “The concrete so produced by 
breaking some of the rules was of very good 
quality, perfectly free from voids, and finished 
glasslike surface inside and 


with «a smooth 


out, and perfectly watertight 


The piles 


driven by loose-fitting 
lifted 
the 


with 


were jetting plus a 


eviindrical steel hammer which was 


and dropped inside the water-filled pile, 


water acting to regulate the velocity 


which the hammer struck the pile buse re 


gardless ol height ol drop 
\ most thought-provoking arti le, im re 


viewer's Opinion 


Tables and formulas for fixed end moments 
Pavi Rogers Frederick Ungar Publishing 
New York, Y. ¥ 1953, 06 pp., $3.75 


Ac THOR's 


Co 
SUMMARY 


Loadings on actual structures are usually 


rather  compley Consequently, moment 


inalyvsis for Continuous structures 
the 


distribution 


requires considerable for 
fixed 


true tor 


comput itlors 
s| his 


partial, trapezoidal, 


end moments particularly 


unsvmmetrical 
ind moment Joadings, or for wheel 


loads In 


involved in 


moving 


such and similar « the work 


thre 


LSS 


solution ol lengthy ormulinaes 


HecomMes ¢ 
The 


( na 


NCOSSIVE 
the fixed 
possible 


tubles of this book furnish 


moments tor practh illy ill 


loading conditions without the solution of 


inv formulas. Each condition is separately 


indicated with a loading diagram, mathe 


matical formulas, tables of fixed end moment 
coefficients, 


the 


ind charts for those who prefer 


Con fhic ents 


thy 


Hp pron h 
diy 


hour 


graphical 
100 
to 


are 


yiven tor Istons ana values ure 


carned out decimals 


All 
figures 


the diagrams are concise and the 


ire large and legibile so as to permit 


the easy and convenient use of the book in 


thre cle sign offic 
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Precedent: First prestressed highway bridge 
planned for Fresno 


Tuomas J. Bezouska, California Highways and Public 
Works, V. 31, No. 9-10, Sept.-Oct. 1952, pp. 40-42 
Reviewed by M. W. Jackson 


bridge designed by California 


Proposed 
Bridge Department has 41 degree skew, 22 


ft between curbs, 67 ft between bearings. 


Bridge to consist of series of adjacent I- 


shaped girders 3.33 ft deep to be precast and 


weighing 18 tons each 

Design allows contractor to use any of five 
types of post-tensioning methods, using 
either bars or cables. 
difficulties 
units, bars or cables, could range from 2 to9 
The term “first” 


it is the first such bridge in Fresno 


This presented design 


because number of prestressing 


as used in title misleading; 


“Because of the more than adequate safety 


factor inherent in the design, because of 
California’s experience with the Arroyo Seco 
bridge, and because of the experience accumu- 
lated by that test 


girders would not be necessary. It is be- 


other states, it was felt 
lieved that prestressed concrete design has 
progressed to the point where it can be relied 
upon without the necessity of proving itsell 
each time a new structure is being contem- 
After all, steel or reinforced concrete 
tested 


plated. 
to destruction 
built.” 


beams are not every 


time a bridge is Congratulations 


from the reviewer 


Bridge with elastic bond between the main 
steel girders and the concrete deck slab 
(Bruecke mit elastischem Werbund zwischen 
den Stahlhaupttraegern und der Betonfahr- 
bahntafel) 


Hetumer Homperrs, Der Bauingenieur 
) 
No. 6, June 1952, pp. 213-216 
Reviewed by 


Berlin), V. 27, 


Anon L. Mirsky 


In ordinary construction, the 
slab 


flange of the composite longitudinal girders; 


composite 


is designed to form the compression 


interaction is assured by dowelling or other 


mechanical means It can easily be seen 
that stresses in the concrete slab will increase 


deck 
Author sug- 


with Increasing span length, if the 


thickness remains unchanged 


gests reducing these interaction stresses 


somewhat by interposing an elastic member 
between deck and main girders; he proposes 
accomplishing this by dowelling the slab to 
connected to the 


stringers which are main 


girders by a horizontal truss; deck is not 
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otherwise connected to girders. Curves of} 
stresses for various load conditions are giver 
Author 
presents formulas for evaluating these cases, 


indicating this reduction in stress 
in the form of Fourier series whose conver- 
gence is stated to be good, albeit from 10 to 
10 terms are required. 

teviewer is of opinion that suggestion is 
interesting, but two things are needed 
experimental verification of the action of the 
structure, and evaluation of the economics 
of using such an elastic intermediate member 


instead of thickening the slab. 


Pretensioned units for prestressed concrete 
bridge built on job 
Roads and Streets, V. 95, No. 10, Oct. 1952, pp. 52-55 
Reviewed by M. W. Jackson 
Ohio’s 


first bridge 


Low 


prestressed concrete 


deseribed bid for two-lane, 45 degree 
skew, 3-span continuous steel I-beam bridge 
with length of 226 ft was $91,000 with 400- 
day construction period, due to steel delays 
Alternate 
spans was $102,000 with 200-day construc- 
The latter Pre- 


cast T-shape beams 3 ft on center with 2s- 


prestressed concrete with — five 


tion period. was chosen 


in. top flanges were used. Each beam con 
tained 32 strands of 14-in. diameter, 7 wires 
each, pretensioned to 160,000 psi. Concrete 
with 5000 psi minimum strength was used 
Beams were prestressed transversely through 
two intermediate diaphragms in each span 


Beams were cast on existing concrete 


roadway adjacent to bridge site with slab 


acting as a spreader for the pretensioning 
Steel stressing blocks developed for job held 
eight strands, two continuous strands looped 
back and forth three times. Free ends of the 


cables were anchored by Nicopress sleeves 


manufactured by National Telephone Supp! 
Co. 


Reaction of building to atomic blast 

Military Engines V. 44 
$45-453 

Reviewed by M 


SHERWOOD B. Smrru 
Sept.-Oct 1052 pp 


W. Ja 


1 


Area of destruction small in 


comparison with large areas in which damage 


complete 


results. For building frames, primary pur- 
] 


pose is to avoid collapse. Increase in lateral 


strength, of main importance, can be achieved 
in design at a small 


percentage imncrease 


cost. 





CURRENT 


Buildings are not safe 


but 


made completely 


iulnst fire, that degree of safety is 


provided by the designer that the owner can 
ifford 


protect won 


The same thinking should apply to 


against atomic blast kiffects of 


atomic blast are not irresistible 
Discussion of general effects on building, 
the 


behavior of building exposed to blast effects 


with simplified analysis of probable 


Linear prestressed concrete construction 


CuHarces C. Zortman, Military Engineer, V. 44, Ne 
$02, Nov.-Dee. 1952, pp. 4324439 
Reviewed by M. W 


JACKSON 


Reviews prestressed construction in — the 


United Stutes with descriptions of many 


projects toebling’s stranded cables 


pre- 


stressed at the factory; several types of con- 


crete blos k ce veloped lor making prestressed 


beams; use of cold-drawn wire with upset 


ends for prestressing; pretensioned precast 


bridge beams; design of monolithic structural 
units 


efficiency of 


tremendously in 


block making has Increased 


pust lew vears, while 
efficiency of cast-in place concrete almost at 
the same stage as 30 vears ago. Perhaps the 
greatest American use of prestressed concrete 
will utilize concrete block and precast mem- 
bers 


\lajor 


ithe luce 


fields open to prestressed concrete 


providing millions of square feet. of 


one-story industrial plants with standard 


girde r, beums, ind root panels to compete with 


low-cost structural steel, and to replace 


thousands of secondary bridges with spans 


trom 20 to 60 tt 


Varvinig 


Pressure of concrete on formwork 
mido ar ‘ i, Nov. 1952 


Ley Roni 


I 


L.. Minsk 


After a 


data 


thorough review of the available 


and the methods vsed by various in- 


vestigutors to obtain them (author considers 


accuracy of methods and reliability of data 


somewhat doubtful), author attempts to ex- 


plain why the pressure distribution for 


con- 


crete is not in general hydrostatic, and pre 


sents curves, based nonetheless on existing 


data, which yield design pressures for form- 
lower than those heretofore 


work somewhat 


recommended, Desirability of additional in- 


vestigations is stre ssed 


REVIEW 695 


Some recent experience in composite precast 
and in-situ concrete construction, with partic- 
ular reference to prestressing 


Fevix James SamMuery, Proceedings 
Engineers (lLondor VY. 1. No. 2 


pp. 222-270 


Institution of Civil 


Part IIT, Aug. 1952 


Reviewed by Aron L, Mirsky 


\ valuable 
tween the precast and cast in-place portions, 
the 


paper discussing the bond be 


advantages of 
Author 


tuken care of by 


and — the prest ressing 


lormetr stutes longitudinal shear 


may be stirrups (or bent 


up bars) or by forming the precast portions 


with castellations ( e., dentillations) on the 


mating surfaces; natural bond (adhesion) 


cannot be counted on Since the precast 


portions are usually placed at the bottom of 
such composite beams, that is, in the tension 


zone, to obviate the need for forms, pre 


stressing of these portions 1s particularly 


advantageous Over the Supports ol con 


girders, the tuthor has used 
“soffits”’ 


the girders 


tinuous pre 


stressed precast embedded in. the 


top ol 
described it 
the discussion; the latter 
Prof. L. T. Oehler, 
‘“Joistile’ construction tested at the 


Numerous 
the 


ipplications are 
paper and in 
includes a short report, bys 
on the 
Texas 

load 


ind details of 


University of \ppendices give re 


sults of shear and tests on composite 


Dewmis the calculations 


Author concludes that composite construc 


does the best features 


tion, combining as it 
of both precast and cust-in place construction 
while overcoming some of the disadvantages 


will ultimately be the preferred form 


Prestressed concrete railroad bridge over the 
Neckar canal in Heilbronn (Die Spannbeton- 
bruecke der Bundesbahn veber den Neckar- 
kanal in Heilbronn) 
kb. Koes Bet ind Stahlhetont Berlit Vv. 4 
No. 7 and No. 8S, 1951, pp. 145-150 and pp. 180-184 
Reviewed by Rupowen Fisent 
bridge 


This prestressed concrete railroad 


was built using the Baur-“Leonhardt method 
as a prestressed hollow slab with subsequent 


lateral The 


Spins of 


bonding and post-tensioning 


hollow slab is continuous over five 
IS to 21.5 m, with a top flange thickness of 35 
to 40 em, 
10 em, and ribs of 50 em width, 2.38 m center 
The 
Lateral 
the 


a bottom flange thickness of 25 to 


total thickness of the slab is 
ribs 40 


quarter-pomts 


to center 
wide are 

und oat the 
The bridge is skewed at 


1.63 m em pro 


vided at 


supports in angle 
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of 56 deg 15 min. and has a total width of 40 
The 


seven 


m, carrying six railroad tracks. pre- 


stressing cables are formed by wires 


with a diameter of 2.5 mm each. One tension 
unit in an interior longitudinal rib is stressed 
with 1155 tons and required 396 cables which 
The MaAXi- 

134.1 kg 


are placed in a sheet metal box. 


mum compression in concrete is 


9) 


per sq cm, the minimum compression Is 


kg per sq em, with no tension allowed under 


total load. The maximum shear stress is 7 
kg per sq em and is fully covered by stirrups 

Erection of the bridge is described in detail 
and illustrated with numerous pictures. To 
avoid cracks due to temperature drop. or 
the 102-m deck, a 


partial prestressing of about one quarter of 


shrinkage in jointless 


the final value was performed a few days afte: 


the concrete was placed The final stressing 


was done after the conerete had an age ol 20 


to 31 davs. Finally the metal boxes con- 


taining the cables were filled with cement 


under 4 atmospheres pressure To 


the 


grout 
conditions, 


clarify real stress measure- 
ments were taken on the finished first. section 
of the structure. Strain, temperature, and 
deflection were measured and the results were 
in good agreement with the computed values. 
The maximum deflection in midspan of the 
test load of three 


600 


middle opening under a 


locomotives, which together weighed 


tons, was 3 mm or 1/7000 of the span, which 
is an extremely low value considering the 
slenderness of the bridge. 

Tests 


beams, one type with subsequent bond and 


were made on 20 m long model 


another type without bond of the prestressing 
wires. The first type proved to be far superior. 


Lower Tampa Bay toll bridge, Florida— 
British design prestressed concrete structure 
Highways and Bridges, V. 19, No. 962, Dee. 10, 1952, 
pp. 1-3 

Prestressing: Will bars boost use? 


Tron Age, V. 170, No. 15, Oct. 16, 1952, p. 40 
teviewed by M. W. Jackson 

Lower Tampa Bay toll bridge, Florida—use of 

British system of prestressing concrete 

Surveyor (London), V. 111, No. 3170, Dee. 6, 

781-782 


1952, pp, 


These articles refer to same structure and 
Total length of 17,500 ft of bridge 
structure consists of 363 spans, each with six 


process. 
precast prestressed I-shape beams. Roadway 
width of 28 ft is designed for H20-S16 load- 
ing. Alternate bids were called for with three 
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prestressed schemes in competition with rein- 
forced concrete. 

Lowest bidder used the Lee-Me¢ 
of prestressing with high tensile 


ili system 


illoy steel 


bars. This system was low even though it 


included transatlantic freight ind 


Import 


duty on the steel. Load tests of benums tor 


the job described in first article 


Tests on waterproofing coatings for concrete 
surfaces—final report 

J. B. Brackspurn, AREA Bul 

Sept.-Oct, 1952, pp. 191-242 


Reviewed | 


\\ iter- 


Purdue 


teport ol AREA 


proofing covering research project at 


Committee on 


University. The s iling ot exposed conerete 
} 


surfaces and the disintegration of thin strue- 


tural members fully exposed to weather has 


been a problem to maintenance engineers, 


One solution involves elimination of moisture 


Irom concrete mass to minimize ettect ot 


freezing and thawing in « nearly saturated 


condition. (Other solutions beyond the 


con 
trol of the maintenance engineer include de- 
tails of design of the structure and construc- 


tion using air entrainment.) Two methods 
of moisture elimination by waterproofing are 
used: (1) a such as for 


coating basement 


water proofing, highly permeable to Vapor but 
presumably impermeable to liquid ind (2) 
an impermeable coating which allows passage 
of neither liquid nor vapor. 
Investigation to determine relative merits 
of various coatings used concrete specimens 
1x 3x S8in. and 3 x 4x 16in. tested with 103 
different coatings and subjected to 4 
The effe 


weathering were evaluated by immersion tests 


series 
of outdoor weathering tests ts of 
in which the permeability rates of the coat- 
ings the 
weights of the specimens. 


were determined by increases in 


Additional 


included freezing-thawing tests of specimens 


study 


and 9-sq ft test’ panels on wingwalls of an 
overpass structure. 

Among the conclusions, the impermeable 
type coating is superior to pernie able both 
from standpoint of durability of concrete and 
Only two of the 85 


durability of coating 


commercial that 


tested 


waterprool were 
sufficiently 
as impermeable 
data. 


performance-type specification for 


coatings 
were waterprool to be 


Many tables 
fesults will be 


classed and 


charts show used to 
write a 


waterprool coatings 





Title No. 49-48 


The Services of the American Concrete Institute 


By A. T. GOLDBECKT 


SYNOPSIS 


fetiring ACI President Goldbeck discusses the early days of the Institute 
and the wide range of subjects covered by papers published in the Proceed- 
ings ovet the years. Standards and special publications are enumerated and 
the great amount of volunteer effort making them possible is noted Con- 
ventions and regional meetings are seen as opportunities tor personal contacts 
as well as sources of more formal information Membership trends and pros- 
pects Tor the future are mentioned 


INTRODUCTION 


Since July 2, 1913, the American Concrete Institute has been functioning, 
through peace and war, and through periods of financial depression and 
prosperity, but ever on the alert to bring to its members information on 
developments in conerete which might help them in its successful and eco- 
nomical use. The Institute has grown from a small nucleus of concrete 
enthusiasts, The National Assn. of Cement Users, who in 1905, saw, how- 
ever dimly, the vast possibilities of concrete as a structural material 

\t about that time there was a very prominent chief engineer of an 
important railroad who said that he couldn’t see any reason why anyone 
should break stone into little pieces and then stick them together again 
Fortunately, our small band of pioneers who later formed the Institute 
could see further than that, and it wasn’t long before the Proceedings of the 
Institute began to contain papers setting forth the thinking of leaders in the 
industry, and likewise the corroborating, or sometimes violently dissenting, 


views of others of equal prominence and authority. 


INSTITUTE PROCEEDINGS 


Can anyone doubt that by such a process the true facts were quickly 
ascertained and disclosed to the entire concrete industry? And can there 
he anyone who cannot see the immense benefit which must have been reaped 
through this voluntary disclosure of information before the Institute and 
through its publications for all to read and study? That process has been 
going on in the Institute and its predecessor, The National Assn. of Cement 
Users, for almost half a century, during which time there have been some 
3000 papers published in its many volumes of Annual Proceedings 

*Presented at the ACI 49th annual convention, Bostor Mass., February 18, 1053 Title 
f copyrighted JOURNAL OF THE AMERICAN CONCRETE INstiruTe, V. 24, No. 8, April 1953 
Separate prints are available 5 cents each Discussion (copies in triplicate) should reac! 

' Mich 


han Aug. 1, 1953 ddress 53 MeNichols Rd., Detroit 19 
t Member N 
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It is interesting to observe the wide range of subjects which have been 
covered, That very range makes one feel proud to be connected with an 
industry which can boast of so many problems of extreme interest. Just 
quickly survey the 127 pages in the ACI 20-Year Index of papers given be- 
fore the Institute and note the variety of subjects covered, all in the field of 
concrete. Under “aggregates” you will find listed 180 different papers; 
well over 100 papers on “cement.”’ Design comes in for its share with per- 


haps 150 papers covering theory as well as practice, involving beams, columns 
and footings, and flat slabs under concentrated and uniform loads. Concrete 
itself is treated in every detail, from proportioning and mixing to curing, its 
durability, and the methods required to render it durable, with much em- 
phasis of late years on air entrainment. Reinforcement, including numerous 
tests and theory; block and other building units are fully treated, and there 
are excellent: papers on decorative conerete. We shall never forget the 
memorable discussions by John Earley and his inimitable work in connection 
with the Fountain of Time and the Baha’i Temple. We even find discussed 
the question of earthquake stresses and a number of papers on the fire re- 
sistance of concrete. Concrete form pressures have been reported; the effect 
of high pressure steam and numerous papers on pavement design, con- 
struction, and service behavior. Over the past 20 years papers on concrete 
dams will be found and, of course, there is much on reinforced concrete, 
covering its many uses. Of late years, lightweight concrete has had much 
discussion and, finally just lately, we have had papers on prestressed con- 
crete, the design and construction of thin-shelled roofing, and on the daring 
design and erection of the three prestressed concrete bridges on the new 
Caracas-LaGuaira highway in South America, as described by Robert Shama 
of the Freyssinet Co., at the Chicago regional meeting. 

Truly this is a wonderfully informative collection of papers on concrete 
in all of its various phases and to those of you whose libraries of the bound 
Proceedings are not complete, why not make them complete while the back 
numbers are still procurable? It won’t be long before they will not be avail- 
able. Let me also remind you that many papers and reports are published 
in the form of separate reprints. Look over the index and you will probably 
find just the paper you need to answer some question in concrete or concrete 
construction, which may be troubling you. It is true that the supply of 
many of these reprints is now exhausted, but the index contains digests of 
them and from these digests you can determine whether you should study 
the articles published in the Proceedings. They cover a truly remarkable 
range of subjects. Of course, some of these papers are old but that doesn’t 
matter for, generally, they contain basic facts which are just as true today 
as they were when published. 


STANDARDS AND SPECIAL PUBLICATIONS 


Don’t forget the many reports which have resulted in standard practices 
or manuals, codes, or specifications. Among such publications may be 
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mentioned the ACI Manual of Concrete Inspection, and the Detailing Manual, 
describing the best methods for detailing reinforced concrete in structures. 
Up to date some 44,000 copies of this manual have been sold to members 
and to nonmembers. Soon there will be placed before you for adoption as 
a standard, another Detailing Manual for application to highway structures 
The Detailing Manual has proved to be of widespread use as evidenced by 
its great sale. It has been published in lots of 10,000, so great has been the 
demand. Don’t forget, either, the ACI Book of Standards containing some 
very important standards, such as the “Building Code Requirements for 
Reinforced Concrete.” This code has become an American standard under 
the procedure of the American Standards Assn. and it is written into many 
building codes throughout the United States. Other standards included in 
the publication are those for precast concrete floor units, concrete pavements 
and bases, cast stone, and six recommended practices, including metal sup- 
ports for reinforcement; measuring, mixing and placing concrete; design of 
concrete mixes; farm silos, winter concreting; and cement paint application 

Can vou even imagine the amount of unselfish and gratuitous labor in- 
volved in the preparation of these standards, in order that they might be 
made available for the good of the entire concrete industry? There must be 
something basically sound about any organization and its purposes to have 
members so willing and even anxious to contribute their knowledge and time, 
generally at a personal sacrifice financially, so that all might benefit 

Nor is this an organization which is complacent and self-satisfied. No 
sooner Is some new idea developed than the Institute is hot on the trail of 
speakers who can tell us all they know about it. For instance, you will 
remember the early papers on air entrainment and the successful and = in- 
formative symposia on air entrainment held several vears ago under the 
chairmanship of Past President Frank Jackson. Again, the Institute was 
among the first to be informed about the phenomenon of alkali-aggregate 
reaction leading to lack of durability in concrete. I venture to say that 
more will be heard on this subject in the future. 

Another indication of the wide awake character of ACL was in evidence 
at the regional meeting in Chicago, as a part of the Centennial of Engineering 
Here were given the most recent data on prestressed concrete and on thin- 
shell construction. So popular were these meetings that they could be housed 
only in the Grand Ballroom of the Conrad Hilton Hotel. Our two members 
who had charge of that program, Carl Wuerpel, who headed the Technical 
Program Committee, and Harry Delzell, the General Arrangements Com- 
mittee, deserve the highest commendation and thanks from ACT for their 
highly successful endeavors. From the standpoint of ACI, the Chicago 
regional meeting in September was a great success. 


CONVENTIONS AND REGIONAL MEETINGS 


So much for our papers and reports, which in large part are our stock- 


in-trade. But that isn’t all. Frequently a member is heard to say that he 
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likes to come to the ACI conventions, not only because he wants to hear 
what’s new, and there is something new to be heard every year, but also 
because he likes to renew acquaintanceships. You are a remarkably co- 


operative group of men, and no wonder you like to get together, not only 


for the sake of comradeship, but also because many a useful bit of information 
is picked up out of session through private talks with others in attendance; 
and also, no doubt, by later correspondence. The wonder is that we don’t 
have larger attendance at our conventions, but this country is broad and 
travel is expensive. For that reason, our regional meetings are purposely 
well distributed, as are also our annual conventions, to make it possible for 
many of our members to attend our meetings, at least occasionally. 


MEMBERSHIP 


I am pleased to report to you that, as of December 1, 1952, we attained 
a membership of 5942. Contrast this with former years and note the rapid 
growth of ACI. In 1930, we had 2565 members; in 1940, 1651; in 1943, 1889; 
and now, ten years later, some 6000 members. Does that not show a satis- 
factorily healthy growth? Could this have been accomplished if it had not 
been recognized that the members were surely getting real and tangible 
value from the Institute? We have had some valiant efforts made to increase 
our membership and certain very loyal members have been of great help 
because of their efforts in the membership field. Don’t get the idea that any 
of us is now satisfied that all is well and that we can lie back on our oars 
and drift along with the current. 


CONCLUSION 


Concrete is an intriguing material, intriguing because it is continuously 
presenting new problems, whether they be in its constituent materials, its 
proportioning, its method of placing and curing, or in design and construction 
methods and in the possibilities which exist for changing its characteristics 
in the future. Many of you in the past have heard it said that possibly 
certain of its basic properties might be altered for special purposes. For 
illustration, one former president thought it might not be impossible to 
make concrete with less rigidity, lower modulus of elasticity, but without 
changing its strength properties, a combination which possibly could be 
desirable in pavements; and, another, gazing into the crystal ball, foresaw 
concrete with 40,000 to 50,000 psi crushing strength. What an optimist! 

Members of ACT are surely on the alert. If and when some of these miracles 
and some of the less spectacular changes are developed, rest assured that 
your Technical Activities Committee, under whose guidance our programs 
are built, will be on the trail of speakers on these new subjects. 

One year ago I told you I felt that ACI was the finest organization of its 
kind in the world, and now, having served as your president, [ am more than 
ever of that opinion. 
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Strength and Durability of Concrete Containing 
Chicago Fly Ash* 


By G. W. WASHA and N. H. WITHEY¢ 


SYNOPSIS 


tesults of laboratory tests indicate the strength that can be obtained when 
various amounts of Chicago fly ash are used in concrete mixes under various 
conditions. Results of a group of freezing and thawing tests show that air- 
entrained concretes made with and without Chicago fly ash are equally frost 
resistant. Chicago fly ash in concrete made with Type J portland cement 
increased resistance to attack by sulfuric acid. The tests were confined to 
fly ash from one electric utility company in Chicago and are not necessarily 
applicable to fly ashes from other sources. 


INTRODUCTION 


During the past two years, test programs sponsored by the Chicago Fly 
Ash Co. have been conducted in the Materials Testing Laboratory at the 
University of Wisconsin to obtain technical data of use to consumers of 
Chicago fly ash as a part of concrete mixtures. The necessity of such data 
becomes apparent when it is recognized that a single company, the Common- 
wealth Edison Co. of Chicago, produces up to 200,000 tons of fly ash per 
vear. This fly ash, collected by electrical precipitation, has been found 
by test to be useful as a pozzolanic admixture in concrete, having high fine- 
ness (generally between about 3200 and 4200 sq em per g—Blaine) and 
low carbon content (generally less than 2 percent). The Chicago Fly Ash 
Co. is the distributor for Commonwealth Edison Co. fly ash. The objective 
is to eliminate the disposal expense by making practical use of an otherwise 
waste material. 


MATERIALS AND MANUFACTURE 


\ single brand of portland cement, Types I and II, used extensively in the 


Chicago area was used in all tests. Two air-entraining agents, both meeting 


ASTM requirements, were used in the entire program, but in a given series 
only one was used. The aggregates were previously subjected to many tests 
and are widely used in construction. The sand and some gravel came from 
Madison and Janesville, Wis. Additional gravel obtained from Eau Claire, 
Wis., was used to make the concrete for the freeze-and-thaw tests because 


*Presented at the ACI 49th annual convention, Boston, Mass., February 18, 1053 Title No, 49-49 is a part 
of copyrighted JouRNAL OF THE AMERICAN ConcrETE INstiTUTE, V. 24, No. 8, Apr. 1953, Proceedings V. 49 
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it is essentially free from chert. Except for the Eau Claire gravel, which 
was slightly coarse, all aggregates fell within the grading requirements given 
in ASTM Standard C 33-49. 

Kxcept where otherwise noted, fly ash from the State Line Station of the 
Commonwealth Edison Co. was used. All fly ash used in the tests fell within 
the ranges of chemical and physical characteristics given below. 


Chemical composition, percent Physical data 


Silica 40-50, Titanium 0-1 | Specific surface (Blaine), sq em per g 2800-4500 
Alumina 15-24) Total alkalies 3-6 | Percent passing No. 325 sieve BR-O5 
Iron oxides 12-19) Sulfuric anhydride Specific weight, lb per cu ft 75 

Lime 1-8 | Loss on ignition | 
Magnesia |4%-2 | Carbon I 


io 


xcept where otherwise stated, all batches were wet-mixed for 5 min. 
in a 6-cu ft revolving drum mixer. Air contents were determined with both 
a pressure-type air meter in essential conformance with ASTM C 231-49T 
and a Washington-type air meter, the reported values being the average 
of the two. Molding procedures were in essential accord with those given in 
ASTM C 192-49. Unless otherwise noted, specimens were cured in the 
molds under damp canvas for 24 hr and then in a moist closet at a temperature 
of 72+2 F until tested. 


TESTING 


The compression tests on the 6 x 12-in. cylinders were in essential accord 
with ASTM C 39-49. Flexural tests were made on 6 x 6 x 31-in. beams center 
loaded over an 18-in. span so that two breaks per beam were obtained. 


The 3.x 4.x 16-in. beams were cured 1 day in the molds and then 28 days 
in a moist closet at 70 F before testing. During the first 230 cycles of the 


freeze-and-thaw tests the beams were placed in metal trays and water was 
added until about three-quarters of each specimen was below the water 
level. The trays were then placed in a freezer overnight in which the temper- 
ature varied between — 10 and —20 F. In the morning the frozen specimens 
were thawed under running water which came out of the tap at about 90 F 
One cycle per day under this method was obtained. For the remaining 
portion of the test, two cycles per day were obtained. The specimens were 
frozen while completely immersed in water and were thawed under running 
tap water at a temperature of about 50 F. During this portion of the test, 
thermo-couple readings on dummy beams indicated that the specimens 
were reduced to a temperature between 15 and 20 F in the freezing cycle 
and raised to a temperature of 40 to 45 F during the thawing cycle 

Beams 3 x 3 x 10 in., cured for 1 day in the molds, 17 to 22 days in the 
moist closet, and 10 days in the air of the laboratory, were immersed in a | 


percent solution of sulfuric acid. The solution concentration was maintained 





CHICAGO FLY ASH 


by frequent titration and by completely changing the solution five times dur- 
ing the exposure period effect of the exposure to the acid solution was noted 
from weight and sonic & determinations 


TEST RESULTS 

Effect of Chicago fly ash on water requirement and workability 

In all cases, the mixes containing fly ash required less water for a given 
slump than comparable mixes made without fly ash. These reductions in 
water varied from about | to 2!o gal. per cu vd as may be noted in Tables 
2,3, and 4. Fly ash appeared to improve the workability of non-air-entrained 
concrete mixes. All air-entrained concrete mixes made with or without fly 
ash had excellent: workability. 


Effect of fly ash on amount of air-entraining agent 

It has been found, both in the field and in the laboratory, that concrete 
mixes containing fly ash require larger quantities of air-entraining agent to 
produce a specific air content than do concrete mixes that do not contain 
fly ash. As shown in Table 1, the increase in air-entraining agent required 
with increasing quantities of fly ash in the mix varies with the different types 
of fly ash. Additions of State Line fly ash require large additions of air- 
entraining agent, while additions of fly ash from the Calumet Station require 
only slight additions. The data in Table 1 also show for a given mix that 
the amount of the air-entraining agent must be decreased as the concrete 


temperature decreases. The data, along with field experience, clearly show 


that fly ash concrete requires more air-entraining agent than non-fly ash 


TABLE 1—EFFECT OF CHICAGO FLY ASH AND CONCRETE TEMPERATURE ON 
AMOUNT OF AIR-ENTRAINING AGENT REQUIRED FOR SPECIFIC AIR CONTENT 


Chicago fly \ir-entraining agent 
Pemperature required for 4 to 5 
of concrete percent net am cor 
when mixed 1 


deg | 


t f 
e ‘ 
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4; 4 4 Fig. 1—Effect of Chicago fly ash 
on compressive strength of con- 
crete moist cured at 72 F 
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concrete, but that the correct amount can only be determined by actual 
trial for each specific set of conditions. 
Effect of amount of fly ash on strength 

The data in Fig. 1 and Table 2 show the effect of fly ash on the 7- and 
28-day compressive strength of concrete when 34 to 1 sack of cement per eu 
vd of concrete is removed and 70 to 188 Ib of fly ash is added. It may be 
noted that the fly ash is more effective at 28 days, and that in order that there 
be no loss in 28-day strength the amount of fly ash added must be greater than 
the amount of cement removed. 

Compressive and flexural strengths obtained with concrete made with 
and without fly ash for test ages up to one year are given in Fig. 2 and Table 
3. Two types of portland cement were used in both air-entrained and non- 
air-entrained concrete. The data show that for comparable conditions the 
strength of air-entrained concrete was usually lower than the strength of 
non-air-entrained concrete; and that the strength of concrete made with 
Type IL portland cement was lower at the early ages and higher at the late: 
ages than that of concrete made with Type I portland cement. The results 
also show that the 28-day strengths of the fly-ash concrete were somewhat 
lower than the corresponding strengths of concrete made without fly ash, 
but at an age of one year the fly-ash concrete was stronger in every case 
It should be noted that in these tests fly ash was substituted for 20 percent 
of the portland cement by weight 


Effect of various curing conditions on strength 
The data in Table 4 and Fig. 3 show the effect of dry and of cold storage 


on the compressive strength of concrete made with and without fly ash 
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Fig. 2—Strength of moist cured concrete made with and without Chicago fly ash 
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Fig. 3—Effect of different storage conditions on strength of concrete made with and without 
Chicago fly ash 


© ULL LL LLL 


~m 


Contrary to the contention of some that the use of pozzolanic materials is 
undesirable unless the concrete is subjected to moist curing at room or ele- 
vated temperatures, the data show that the 28-day strengths of concrete 
made with or without fly ash for a given storage condition (moist, dry, or 
cold) are nearly the same. This indicates that cement hydration is as much 
retarded under adverse curing conditions as is pozzolanic action. Additional 
evidence on this point may be seen in Table 5 and Fig. 4. The three curing 
conditions used in these tests were (a) one day in molds at 70 F, then in 
water at 70 F until test; (b) one day in molds at 70 F, two days in water 
at 70 F, then in water at 45 F until test; and (¢) cured in molds for one day 
in air at 45 F, then in water at 45 F until test. It should be noted that the 
temperature of the concrete in condition (¢) when placed was 60 FF. This 
low placing temperature was obtained by pre-cooling all materials used to a 
temperature of 45 F and mixing the concrete in the laboratory at a temper- 
ature of 75 FF. The specimens were cast in the 45 F curing room. This pro- 
cedure was followed to simulate conditions that might prevail in the field 
either in the fall or spring of the year. In these tests, curing in water at 
15 F resulted in materially lower strengths than those obtained when the 
concrete was cured in water at 70 F for concrete with or without fly ash. 
The decreases in compressive strength due to the lower curing temperatures 
were generally similar for concrete made with and without fly ash under 
comparable conditions. 
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Fig. 4—Effect of low curing temperature on compressive strength of air-entrained concrete made 
with Chicago fly ash 





CHICAGO FLY ASH 


TABLE 6—FREEZING AND THAWING TESTS OF CONCRETE BEAMS 


Chicago Net water Drop in dynamic E after indicated cycles of 
Type of fly ash, Net air content, Spec freezing and thawing, percent 
portland percent by content, gal. per No 
cement wt cement percent ecu yd 

+ fly ash : 75 100 200 300 100 500 


33 


0 
en in two 
16 
12 
> 
*Test discontinued 
Remarks Fly ash from the Northwest Station was used in these tests 


Phe cement plus fly ash content for each batch was 520 Ib per cu yd. The slump of the mixes varied bet weer 
Sand 4 in 


Resistance to freezing and thawing 


The results of the freeze-and-thaw tests are given in Table 6. The non- 


alr-entrained concrete specimens were damaged by relatively few cycles, 


and only one specimen had a drop in dynamic EF less than 30 percent after 


100 cycles. The specimens with 4 to 5 percent entrained air generally showed 
little damage even after 500 cycles. The sudden high drops obtained in 
some air-entrained concrete beams were probably due to cracking during the 
freezing cycle. The test data further show that fly ash apparently has neither 
a bencucial nor an adverse effect on resistance to freezing and thawing 
Resistance to sulfuric acid 

In domestic sewers, concrete is frequently exposed to attack by sulfuric 
acid through contact of hydrogen sulfide gas with the wet upper surfaces. 
The data in Table 7 show that the addition of fly ash to conerete mixes 
made with Type I portland cement materially increased the resistance to 
action of sulfuric acid. It is also evident that concrete containing Type II 
cement and made with or without fly ash was very resistant to such action 


CONCLUSIONS 


1. It appears that generally the amount of fly ash added must be somewhat 


greater than the amount of portland cement removed if the strengths of 
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TABLE 7—TESTS OF CONCRETE MADE WITH AND WITHOUT CHICAGO FLY ASH 
AND EXPOSED TO 1 PERCENT SULFURIC ACID SOLUTION 


Portland cement Chicago fly ash Net water Change in dynamic E during im- 
—, content Net air mersion in | percent sulfuric solution 
| Sacks per Lb per Percent by gal. per content, for period indicated, percent 
I'ype | eu yd cu yd wt cement cu yd percent 
+ fly ash 4 mo S mo 12 mo 20 mo 


Non-air-entrained concrete 


0 33.58 OLS 

104 32.4 0.6 

0 oo .8 0.6 

104 2 32.2 0.5 
Air-entrained concrete 

0 ” $1 

104 29 


5.53 0 30.0 


II 
II 4 44 104 2 27.9 


*Disintegrated 
Remarks: Fly ash from the Northwest Station was used in these tests 
The slump of the mixes varied from 3 to 4 in. Each value is the average for three beams 


concrete made with and without Chicago fly ash at 28 days are to be equal. 

2. At the age of one year, concrete containing 20 percent fly ash (by 
weight of total cementing material) had greater compressive and flexural 
strength than concrete made without fly ash. 

3. Under adverse curing conditions, cement hydration appears to be as 
much retarded as is pozzolanic action. 

1. Fly ash apparently has neither a beneficial nor an adverse effect on the 
resistance of air-entrained concrete to freezing and thawing. 

5. Fly ash in concrete made with Type I portland cement materially 
increased resistance to the action of sulfuric acid. Concrete containing Type 
II portland cement and made with or without fly ash was very resistant to 
this action. 

6. Concrete mixes containing 70 to 188 Ib of fly ash per cu yd of concrete 
required 1 to 2!4 gal. per cu yd less water for a given slump than comparable 
mixes made without fly ash. 

7. Concrete made with fly ash requires larger quantities of air-entraining 
agent for a specific air content than concrete made without fly ash. The 
increase in the amount of the air-entraining agent may vary considerably 
with different fly ashes. 
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Production of Commercial Blast Furnace Slag’ 


By FRED HUBBARDt 


SYNOPSIS 


Discusses the ty pes ol blast furnace slag produced commercially ; geographic 
availability; extent to which slag produced at blast furnaces is commercialized; 
usual chemical composition; and production procedures which differ from those 
of other aggregates 


DEFINITION 


The American Society for Testing Materials defines slag as “The non- 
metallic product consisting essentially of silicates and alumino-silicates of 
lime and other bases which is developed simultaneously with iron in a blast 


INTRODUCTION 


Since slag is a by-product of blast furnace operation it naturally follows 
that it is processed only in those localities where pig iron is produced. In 
1951 approximately 29,000,000 tons of slag, representing over 80 percent of 
all the slag discharged from the furnaces, was used commercially. Approxi- 
mately 66 percent of the slag marketed was processed in Alabama, Ohio, and 
Pennsylvania. Large quantities were also produced in California, Colorado, 
Illinois, Indiana, Kentucky, Maryland, Michigan, Minnesota, New York, 
Tennessee, Texas, and West Virginia. In some instances slag is marketed in 
large quantities outside the state in which it is processed. This is particularly 
true of the production from Alabama, which is used not only in Alabama but 
is shipped also into Georgia, Florida, Tennessee, Mississippi, and Louisiana 

Slag differs from other types of aggregate which are found in natural 
deposits in that its chemical composition depends upon the raw materials 
used in the furnaces. As these materials are selected carefully, the chemical 
composition of the resultant slag is maintained within relatively narrow 
limits. Slag contains four major oxides—silica, alumina, lime and magnesia 

with the chemical compositions generally falling within the range given in 
Table 1.? 

The physical characteristics of slag depend upon its chemical composition 
and the manner in which the molten material is cooled to a solid state. 
Slight changes are sometimes made in the furnace burden under certain 
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TABLE 1—CHEMICAL COMPOSITION OF SLAG 
Component Percent 


Silica 303-42 
Alumina 10-16 


Lime 36-45 


Magnesia 3-12 
Sulfur 


] 
Iron (FeO) 3-2 
2-] 


3 
0) 


Manganese 5 


conditions to improve the chemical and physical properties of the slag to be 
used as aggregate. Three general types of slag, known to the trade as air- 
cooled, granulated, and expanded, are available commerically, although all 
three are not usually made at any one location. 


AIR-COOLED SLAG PRODUCTION 


The bulk of the slag used today is of the air-cooled variety formed by slow 
cooling. In producing air-cooled slag the molten material may be allowed 
to flow directly into pits immediately adjacent to the furnace, or it may 
flow from the furnace into ladles in which it is transported to modified pits 
or banks located at some convenient place a considerable distance from the 
furnace.*-4 
Furnace pits . 

Furnace pits are built in pairs with a high, thick wall between to permit 
pouring molten slag into one pit while the solidified material is being removed 
from the other. Size and shape of the pits depend on available space, but they 
generally are not more than 200 ft long, which is as far as molten slag will 
flow readily. Usually each furnace pit is made large enough to accomodate 
about a week’s production, which allows sufficient time for digging and pro- 
cessing the cooled slag from the adjacent pit. A typical furnace pit is ap- 
proximately 40 ft wide and from 150 to 200 ft long, confined by a wall 10 ft 
high at the furnace end and tapering to about 5 ft. 

Modified pits 

Modified pits comprise two or more long, narrow excavations, along one 
side of which is a pouring track and on the other, a loading track or truck 
roadway. These pits are of such width as to be emptied with one cut of a 
power shovel and from 1000 to 2000 ft long. They are alternately filled with 
molten slag transported from the furnaces in ladles. The chief advantage 
of the modified over the furnace pit is storage capacity. A plant processing 
slag from furnace pits must operate continuously with the blast furnace, 
whereas, excavating and processing slag from modified pits may be post- 
poned for several weeks, or even months, if sufficient capacity is available 
to receive the molten slag from the furnaces.>* 





COMMERCIAL BLAST FURNACE 


Slag banks 

Molten slag may also be handled by the bank method, by Which it) is 
taken by ladle to the top of a relatively high bank and poured down the slope 
The track may be permanently located along the top edge of the bank or 
moved as the pouring progresses, depending upon the rate of removal of 
crude slag for processing. Molten slag cools rather quickly on the surface, 
forming a crust, while the mass of the deposit remains hot for a long time 
unless artificial cooling methods are employed. In normal production, the 
excavating takes place from one to eight weeks after molten slag is poured 
into the pit. It is usual practice to apply a spray of water to the surface of 
the slag after it has solidified, thus hastening the cooling process. This 
treatment also has a tendency to crack the hot slag in the pit, facilitating its 
excavation Secause the slag in the pits is stratified it generally breaks 
readily, without blasting, into pieces that can be handled with a power shovel 

Care should be exercised in applying water in the cooling operation to 
prevent using an excessive amount, Which will interfere with efficient separation 
in the screening plant into the various sizes. It is desirable to process slag 
dry for accurate sizing. 

Excavation and transportation 

Air-cooled slag is excavated from the pits or banks by power shovels ranging 
in capacity from | to 6!o cu yd. The economical size of shovel will depend 
upon the quantity of slag to be handled in a given time. Steam powered 
shovels are fast becoming obsolete; in modern operations gasoline, diesel or 
electric power shovels have proved more efficient and economical 

Slag is hard, highly abrasive, and tough, making it particularly destructive 
to power handling equipment. Although slag hardens quickly, it is still hot 
when excavated from the pits. It is good practice to use manganese and 
special alloy steel for power shovel dippers and teeth, and at various points 
in the crushing and sereening plants which are subjected to continuous wear 
from the flow of the slag. 

The slag is loaded into hopper or side dump railroad cars, or it may be 
loaded into motor trucks for transportation to the crushing and screening 
plant. For motor transportation it is considered good practice to use trucks 
of from 10 to 20 cu vd capacity At this stage of the processing the product 
is defined as rough, crude, pit, or bank slag. 

Crushing and screening 

Air-cooled slag crushes to angular, roughiy cubical pieces, with a minimum 
of flat or elongated fragments. The texture ranges from pitted surfaces 
through all degrees of roughness to the smooth, conchoidal fractures of very 
dense slags 


Crushers of various types and sizes are employed in the processing of 


slag. In some instances large Jaw-type crushers are used in the primary 


crushing, but generally a gyratory or large cone-type crusher is considered 
most satisfactory. One or more secondary crushers, usually of the cone 
type, may be used, depending upon the sizes being produced 
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The erude slag is dumped from the cars or trucks into a receiving hopper 


which usually empties upon a reciprocating plate feeder, thence to a con- 
veying system for transportation to a single-deck scalping screen. Material 
retained on the scalping screen is fed into the primary crusher and that 
passing, into the conveying system receiving the crushed slag from the pri- 
mary crusher. The crushed slag is then conveyed to a series of screens where 
the material is separated into commercial sizes.7* 

In many instances slag is processed at the crushing and screening plant 
while still quite hot, which may result in damage to belt conveyors of rubber 
or similar material. 

The sizing screens are ordinarily of the vibrating single- or multiple-deck 
type, with square mesh screen cloth. It is imperative that the capacity of 
the screens be adequate to assure accurate sizing. Various sizes of crushed 
and screened slag may be blended as they pass from the screens to the mill 
stock bins to make products having the desired gradations, or each size may 
be placed in a separate stock bin and later blended with other sizes on a 
mixing belt below the bins as the slag is being loaded into cars or trucks 
for commercial shipment or for stockpile storage. 

In discharging from chutes into plant bins it is desirable to so arrange the 
chutes as to empty into as nearly as possible the center of the bin. Discharg- 
ing through a so-called stone box to prevent the formation of a cone-shaped 
pile is very desirable. Regardless of the method used, precaution should 
be taken against the segregation of sizes in handling the slag through the 
plant bins. If the material is dropped for a considerable distance some 
breakage may occur, especially in the larger sizes. If these sizes are to be 
used for purposes that require very accurate grading or the elimination of 
all fines, such as would be the case in producing trickling filter media, it 
may be necessary to re-screen the product as it discharges from the bins 
to remove the fines caused by handling. However, for ordinary purposes 
re-screening is not usually necessary. 

In loading railroad cars directly from the plant it is good practice to move 
the car back and forth during loading to minimize segregation of sizes, which 
results when the material is discharged into the car in a series of conical piles. 

Magnetic pulley separators are employed at one or more points in the 
conveying system to remove any metallic iron which may be present in the 
slag. Electric magnets are favored for installation at the head of the primary 
conveyor belt where the slag may be several inches deep, but on the smaller 
belts either an electric or a permanent magnet may be used effectively, due 
to the lighter flow of material over the belt. Facilities are also provided 
for removing large pieces of iron by hand at the point of discharge from the 
reciprocating feeders.®:'°:! 


SLAG SAND 


Slag sand is produced by dry sereening, usually through a plant screen 
with openings of lg x 3¢ in. The grading of slag sand from maximum size 
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to dust follows a distinetly uniform pattern for any given maximum size 
In some instances mechanical control of the grading other than that of the 
maximum size is obtained by separation at some intermediate size for re- 
combination to secure a more accurate or desirable grading, or for blending 
with other materials to improve the grading of one, and possibly both, of 
the materials so combined. 


EXTRANEOUS INCLUSIONS 


Slag is exceptionally free from extraneous inclusions. It is free from 
material which could react harmfully with alkalies in the cement. It is 
produced in the furnaces at a temperature of approximately 3000 F, thus 
assuring the elimination of all organic materials, as well as clay, shale, loam, 
chert, lignite, or coal. 

Iron and coke are the only normal extraneous inclusions. ‘The major portion 
of the metallic iron present in the unprocessed slag is removed by magnetic 
separators at the crushing and screening plant and subsequently returned 
to the furnaces for re-smelting. Practical experience has shown that, under 
modern practices of slag processing, removal of the iron presents no serious 
problem. 

The amount of fused coke that appears in commercial slag is seldom over 
one percent by weight. The material is not deleterious, as indicated by 
field experience, and its use experimentally up to 16 percent by weight as 
coarse aggregate for concrete has shown no detrimental effect 

In rare instances, under abnormal furnace operation, a small quantity of 
burned fluxing stone has been known to be discharged from the furnace 
with the molten slag. For most commercial uses this burned fluxstone is not 


detrimental, but when incorporated in concrete it may result in spalls or 


popouts on the concrete surface. This material can be rendered harmless 
by spraying the slag with water while it is still hot in the pits or after it has 
been crushed and screened. Commercial slag producers not only reject any 
doubtful material but, as an extra precaution, regularly wet the slag while 
it is still hot. 


LIGHTWEIGHT SLAG 


There is a rapidly increasing demand for lightweight materials to be used 
as aggregate in concrete for many special purposes. Slag plays a leading 
role in meeting this demand. There are two generally recognized types of 
lightweight slag known commercially as granulated and expanded 
Granulated slag 

Granulated slag may be defined as the glassy, granular product formed 
when molten slag is suddenly quenched by immersion in water. [t is made 
by three general methods: pit, jet, and dry granulation 

In the pit process molten slag is run directly into a pit of water, causing 
the slag to expand into a relatively coarse, friable product. In the jet process, 
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a modification of the pit) process, the molten slag is broken up by a high 
pressure water jet and the slag falls into a pit of water to be further quenched. 
Ciranules having a gradation about the same as natural sand are formed. 

Special processing through a machine using a limited amount of water 
may be employed to produce “dry” granulated slag, which is practically 
free from water. 

Granulated slag, when used as aggregate for concrete, is usually processed 
by screening only and is produced in one grading having a maximum size 
of approximately 44 in. Granulated slag is also used for blending with air- 
cooled slag, or other aggregates, to make a material used largely in the pro- 
duction of concrete masonry units having relatively light weight. 

In making the blended product using granulated slag and air-cooled slag 
the blending is accomplished on a loading belt running underneath at least 
three bins in which the various materials have been stored. The blend is 
usually made up of granulated slag (14 in.-O), air-cooled slag screenings (No. 
1-0), and air-cooled slag chips (3¢ in.-No. 8) 

Expanded slag 

Expanded slag is the foamed product formed when molten slag is expanded 
by applying a limited quantity of water which is less than is required for 
granulating; consequently a relatively dry, cellular lump product results 
This material is made commercially in two general ways which may be 
designated as the machine process and the jet process. 

In the machine process the slag is expanded in a revolving device by the 
application of a controlled quantity of water to the molten material. A 
plastic foam is formed into a clinker that is relatively light in weight and has 
small cell structure 

In the jet process one or more high pressure jets of water impinge on a 
stream of molten slag and the product falls into a dry pit. The foaming 
takes place partly in mid-air and partly in the pit. Expanded slag aggregate 
made of crushed and sereened cool clinker has a relatively high structural 
strength and good insulating and accoustical properties. 

The expanded slag clinker may be removed from the pits by crane and 
grab bucket, although where the machine process is used it may be discharged 
directly from the machine into a railroad car to be transported to the erushing 
and screening plant. The crushing and screening operation is similar to that 
of air-cooled slag, although considerably smaller and lighter equipment. is 


adequate for processing the expanded material. The aggregate produced 


seldom has a maximum size exceeding 34 in. and is usually not over !o9 in. 


The resulting product is very light in weight, ranging from 1200 to 1600 
Ib per cu vd when measured loose. 

For the most part only two commercial sizes are produced, designated as 
“coarse” and “fine,”’ the coarse material usually ranging in size from !o in. 
to No. 4 sieve and the fine, from No. 4 sieve to 0. A blend of these two sizes 
is sometimes shipped for use at consumers’ plants which are not provided 
with bins to accomodate multiple sizes 
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The production of expanded slag has increased rapidly in recent years 
although it is comparatively small (about 9 percent) by comparison with the 
total tonnage of the air-cooled product, yet it represents a valuable contribution 
to the lightweight aggregate market.?:'?)'5)"4 

The tonnage of expanded slag, used almost exclusively in the manufacture 
of concrete block, is, however, nearly as great as that of the air-cooled slag 
marketed as aggregate for portland cement concrete, according to a report 
of the U.S. Bureau of Mines relative to iron blast furnace slag production 
for 1951." 
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Title No. 49-51 


Recent Changes in Corps of Engineers Concrete 
Construction Specifications 


ITERSON 


SYNOPSIS 


Describes Corps of Engineers documents which contain concrete con- 
struction policies of that organization A recent change is the preparation 
ol two guide specifications permitting the selection of provisions best adapted 
to the project and aimed at greater uniformity in similar jobs 

Control messures for aggregate gradation, particle size, and uniformity 
are varied with the use of these materials in lean mass concrete or high 
cement-lactor concrete Ty pe II cement is generally specified although other 
types may be used where job conditions require them or costs permit their use 

Limits for air entrainment are raised to a range of 4 to 7 percent induced 
by the addition of air-entraining admixtures at the mixer. Water curing of 
concrete is the general practice with pigmented membrane ¢ uring compounds 
permitted where job conditions make water curing impractical 

Several classes of formed surfaces, depending on structural requirements, 
are specified and three types of control measures are provided for, depending 
on the type of structure 

Conditions are also set down lor mixing plant, reiptorceing steel, water 


stops and prepacked concrete 


INTRODUCTION 


Concrete construction policies for the Corps of Engineers have been 
recently embodied in (1) a “Standard Guide Specification for Concrete,” 
which is to be used with minimum modification for the majority of civil 
works projects, (2) an “Abridged Guide Specification for Concrete,” which 
is adaptable to relatively minor structures in the civil works program, and 
(3) a Manual of Standard Practice for Concrete Construction which interprets 
application under various conditions. The manual recognizes the existence of 
diverse problems yet attempts to standardize approaches to similar problems; 
establishes procedures to determine project requirements; presents methods 
to effect the fulfillment of these requirements; and guides the selection of spec- 
ification provisions to insure that these requirements are incorporated in the 
contract, 

Concrete construction policies of the Corps of Engineers, embodied in 
these three instruments, have been developed over many years and are based 
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upon engineering research, design analyses, practical construction  con- 
siderations, and actual cost experiences There are no sharp diversions 
from previously expressed policies but some requirements have been modi- 
fied to conform with latest developments while others have been eliminated 
where experience has shown them to be either economically unjustified or 
technologically unsound. Provisions have been made to permit the use of 
new materials and new methods. And above all, there has been an attempt 
to clarify the intent of the specification provisions. 

Certain features characterize Corps of Engineers specifications The 
suitability of aggregate is not defined by conventional limits for tests such 
as sulfate soundness, organic impurities, and Los Angeles abrasion; instead 
one or more aggregate sources are designated as suitable as determined by 
prior testing. Conerete quality is not defined by conventional limits for 
strength, water-cement ratios, and cement factors; instead, the Corps. of 
Mngineers assumes responsibility for concrete quality and designs and con- 
trols the mixes to obtain required quality for each type of concrete. Unit- 
price contracts are favored because they permit the latitude of action required 
when the government assumes responsibility for concrete quality; a separate 
bid item for cement permits adjustment of cement factors as may be required 
without entailing unnecessary bidding contingencies. 


USE OF TWO GUIDE SPECIFICATIONS 


During the past seven years the Corps has used one guide specification and 
has relied upon the individual district offices to include only those provisions 
necessary to meet the requirements of each project. . Experience has shown 
the need for an abridged edition of the standard guide specifications for 
smaller structures where the quantity of conerete or the structural require- 
ments do not justify the extensive coverage of the standard guide specifi- 
cations. It is understandable that, in the past, requirements for similar 
projects have varied from district to district. It is hoped that use of the 
Standard Practice Manual and the selection of the appropriate Guide Speci- 


fication will result in more nearly uniform requirements for similar projects 


AGGREGATES 


No handling, storage, or processing plant requirements, such as rock 


ladders or special types of equipment, are specified, the aggregates are accepted 


oe 


on the basis of grading and umformity at the mixing plant——the contractor 
may exercise his fullest ingenuity in designing an aggregate plant that will 
produce an acceptable product. General requirements, common to both 
coarse and fine aggregates, have been combined in a single provision. Specific 


will depend upon the individual project. Three standards ot varving strin- 


gradation, particle shape, and uniformity requirements for fine aggregates 


geney are provided. The criterion for selecting the appropriate standard 
is primarily economic 
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Lean concrete 

For example, where large masses of low-cement-factor concrete will 
satisfy structural requirements, it| is economically sound to specify close 
control of fine aggregate grading and uniformity Close control of the fine 
aggregate is necessary to the production of a consistently workable low 
cement-factor concrete. Experience has shown that the resultant saving 
in cement costs outweighs the increased production costs required to achieve 
this control. A less evident saving can be counted when we recognize that 
the use of a low-cement-factor concrete in massive structures is an effective 
crack-preventive measure 
High-cement-factor concrete 

Where strength, abrasion resistance, or architectural finish is a primary 


consideration, these qualities can be best achieved by the use of a high- 


cement-factor concrete An increase in the cement factor assists greatly 


overcoming changes in conerete workability caused by variations in fine 
grading; conversely, concrete strength, abrasion resistance, and 
architectural finish are not materially improved in high-cement-factor con 
crete by other than moderate control of the fine aggregate. Under such 
conditions, it is economically Wise to specily only moderate control and 


thereby ettect a suVIng in aggregate production COsts 


CEMENTS 


Type I] portland cement is specified for all conerete within the scope ol 
the Standard Guide Specification; blending of natural cement or slag cement 
is permitted where such blending will reduce cement costs. During the past 
lew vears, the Corps of Engineers has constructed several large flood control 
structures with concrete made from these blends. A savings has been realized 
and the conerete compares favorably with that made entirely with Type 11 
portland cement. Where natural cement and slag cement are available, the 
specifications will contain optional provisions to permit the competitive 
selection of the most economical cement composition 

Type IV. portland cement may be specified for exceptionally massive 
structures to be constructed under adverse temperature conditions in areas 
where procurement costs compare favorably with those for Type I 

The Corps is continuing a comprehensive investigation to determine the 
value of several pozzolanic materials. Provisions for their use will depend 
upon a demonstration of their effect on concrete qualities as well as upon 
economic considerations 

For concrete within. the scope ol the Abridged Cruide Specification thre 


use of Type TL or Type IL portland cement is specified 


AIR ENTRAINMENT 


The limits for entrainment of air, as contained in the portion of the con 


crete smaller than P's in. has been revised upward from a range of 
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percent to a range of 4 to 7 percent. This change is partially to increase 
workability, impermeability, durability, and to reduce bleeding, and par- 
tially to compensate for the loss of air during transporting and consolidation 
The contracting officer controls air content and it is the responsibility of 
Corps of Engineers field personnel to obtain air contents in keeping with the 
requirement for each type of concrete. In general, air content of structural 
concrete is kept near the lower limit of the range, while the air content of 
mass concrete is kept near the upper limit. 

Kxperience has proved that air-content control can be best achieved by 
adding the air-entraining agent at the mixer. Cements containing inter- 
ground air-entraining agents will, in general, not be specified. 


MIXING PLANT 

Individual weigh batchers will be specified where more than two sizes 
of coarse aggregate are used. In other cases, cumulative weigh batchers will 
be acceptable. Cumulative weigh batchers have been used with varying 
success in the past by the Corps. They tend to magnify the effect of a batch- 
ing error —underbatching of one material results in overbatching of another 
material. A second disadvantage is the greater chance for the materials 
to be delivered to the mixer in slugs of separate size groups, which reduces 
mixing efficiency 

Concrete consistency meters and print-weigh recorders for cement batching 
are no longer required. The information obtained from these devices does 
not justify their cost. 


CURING 


Specified curing periods depend on the type of cement used in the concrete 
Concrete made with Type II] portland cement (high early strength) is re- 


quired to be cured for 7 days. Concrete made with either Type I or Type II 


portland cement is required to be cured for 14 days. Concrete made with 
Type IV portland cement, or with Type II portland cement blended with 
natural or slag cements, is required to be cured for 21 days. 

Insofar as is practical, all concrete is required to be moist cured by the 
continuous application of water for the entire euring period. Where water 
curing is impractical or excessively expensive, the use of an approved. pig- 
mented membrane-forming curing compound is permitted. In such cases, 
the specifications will list the structure Gr the portion of the strueture that 
may be cured with a membrane-forming compound. A pigmented compound 
is specified for its heat reflecting quality and to permit visual verification 
of proper coverage by the curing medium 


FORMED SURFACES 
To establish more uniform requirements, formed concrete surfaces are 
assigned to one of five classifications based upon appearance and alignment 
An acceptable form sheathing material and an alignment tolerance for the 


concrete surface wre specified for each Classification 





CONCRETE CONSTRUCTION SPECIFICATION 


Class “A” surfaces are specified where an excellent architectural appearance 
is required, such as the superstructure of powerhouses. Center-matched 
tongue-and-groove lumber is the specified form sheathing for this class of 
surface. The maximum allowable abrupt irregularity in the concrete surface 
is 'gin.; the maximum allowable gradual irregularity is 144 in 

Class “B” surfaces are specified for permanently exposed concrete where 
architectural treatment is not paramount but where good appearance is 
required, such as the faces of dams. Forms may be sheathed with tongue- 


and-groove lumber, plywood, pressed wood, or steel. The maximum allowable 


abrupt irregularity is 4 in. and the maximum allowable gradual irregularity 


is 16 in 

Class “C” surfaces are specified for water passages, such as conduits 
through dams, where accurate surface alignment is required. Forms may 
be sheathed with tongue-and-groove lumber, plywood, pressed wood, ot 
two-course laminated wood lagging. The maximum allowable abrupt irregu- 
larity is 14 in. parallel to flow and Vg in. not parallel to flow. The maximum 
allowable gradual irregularity is 144 in 

Class “DD” surfaces are specified for unexposed concrete where irregu 
larities are not objectionable, such as the transverse monolith faces of gravity 
dams. Forms may be sheathed with any material which can be made mortar 
tight. Abrupt or gradual irregularities not in excess of 1 in. are permitted 

An “AA” classification is used to identify any special type of surface 
tequirements will vary since they will be specified to meet the demands of 
the individual projects 

Absorptive form lining and vacuum processing of concrete are no longer 
included in the specifications; if is believed that the benefits obtained from 


their routine or general use do not justify their costs 


CONTROL OF TEMPERATURE-INDUCED STRESSES 


The Corps of Engineers has achieved appreciable economies in the con 
struction of large gravity dams by eliminating longitudinal construction 
joints. Monolithic construction has been made possible by controlling volume 
changes through control of concrete temperatures 

To the concrete technologist‘, the prevention ol structural eracking Is a 
problem In temperature control This problem Is OF primary concern to the 
Corps of Engineers in the construction of gravity dams. A chapter of the 
Standard Practice Manual is devoted to the analysis of concrete-temperature 


criteria and the selection of measures to control temperature-induced stresses 


Control measures 

The control measures have been placed in three groups designated as 
“basie’’ control, “Class A’ control, and “Class B” control The degree of 
control to be used will depend upon the size, the component materials, and 


the environment of the project 
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Basic control consists of (1) use of Type I] cement: (2) use of the lowest 
cement factor commensurate with project requirements; (3) limiting the thick- 
ness of lifts to 5 ft; and (4) protecting concrete surtaces from a sudden temper- 
ature drop in excess of 25 F. In general, basic control measures are specified 
for gravity structures up to 50 ft high 

In addition to basic control measures, Class A control consists of (1) pro- 
hibiting daytime placement during periods of warm weather; (2) requiring 
that the first four lifts placed upon foundation rock or upon concrete older 
than 15 days be limited in thickness to 2!. ft, the minimum time interval 
between placement of such lifts be 72 hr, and the minimum time interval 
between placement of 5-ft lifts be 120 hr; (3) limiting the height differential 
between adjacent monoliths to 15 ft; and (4) transverse monolith faces and 
top lifts of monoliths, which are to be exposed longer than 30 days during 
the months of September through April, are required to be insulated against 
rapid and extreme temperature changes In general, some or all of the Type 
\ control measures are specified for gravity structures between 50 and 150 
ft in height. 

In addition to previously discussed measures, Class B control will consist 
of (1) specifving a low placing temperature; (2 considering the use of Type 
IV portland cement during periods of warm weather; and (3) consideration 
of cooling the placed concrete by circulating cold water through coils of 
embedded pipe. The complete or partial adoption of any of these measures 
may be necessary for structures exceeding 150 ft in height. Placing temper- 
ature restrictions will usually be placed on all mass conerete within the 
structure. Embedded cooling will not be generally required. Where required, 
it will be limited to the lower portions of high massive structures. Since 
tangible benefits of Type TV cement are not easily assessed, Type IV cement 
will be specified only where procurement costs compare favorably with those 
for Type IT. 

Some of the previously discussed measures are modified when low placing 


temperatures are specified. Daytime placement is permitted. Because the 


specified placing temperature generally will be around 50 F, specifying thin 


lifts and requiring a minimum exposure period between lifts would have an 
adverse effect during warm weather: the concrete would gain heat rather 
than lose heat to the atmosphere. Under such condition, the lift: thickness 
will be 5 ft; however, 7!.-ft lifts are permitted if the contractor furnishes a 
modified design for sloping forms to ¢llow the cobble concrete to be deposited 
in its final position In some cases, the maximum lift exposure period Is 


} 


limited by the specifications 


REINFORCING STEEL 


The required lap for reinforcing steel is 30 bar diameters. Lapped bars 
are not required to be separated but may be wired together. Studies have 
shown that wired laps do not result ina material reduction in bond. In lieu 


of lapping, butt welding is permitted 





WATER STOPS 


Water stops composed of either metal or rubber are included in the speci 
cations. Copper has generally been used in the past but rubber is becoming 
increasingly competitive. Rubber water stops require few splices and = in- 
stallation is fairly simple. Rubber water stops are particularly effective for 


sealing between members where differential movement is expected 


PREPACKED CONCRETE 


Prepacked concrete may be included in a contract specification as an option 
for conventional concrete, where its use can result in equivalent quality at 
competitive Cost: such us concrete around scroll Cuses, in tunnel linings, nh 


underwater structures, or for maintenance and = repait \ general guide 


specification lor prepacked concrete has been appended to the Standard 


Practice Manual 
CONCLUSION 


While the Standard Practice Manual and the Guide Specifications repre- 
sent an up-to-date application ol concrete technology to contract) admini- 
stration, future revisions will be made when warranted by research and 
experience. At the present time, the manual is being broadened for use in 
military construction by the addition of text material and guide specifications 
covering concrete pavements and building construction Corps of Mngineers 
publications, such as the Standard Practice Manual and the Guide Specifi- 


cations, are distributed to all Corps installations 





Title No. 49-52 


Effect of Straining Rate on the Compressive 
Strength and Elastic Properties of Concrete 


By D. WATSTEINt 


SYNOPSIS 


The effect of the rate of application of load was investigated using bonded 
wire strain gages in compressive tests of two concretes having approximate 
compressive strengths of 2500 and 6500 psi. The concrete was tested in 
the form of 3 x 6-in. cylinders at rates of straining ranging from 10-° to about 
10 in. per in. per sec, with the corresponding durations of test ranging from 
30 min. to 0.0003 sec. The higher rates of straining were obtained by loading 
the concrete specimens In a drop-hammer machine The rate ol loading 
in the drop-hammer machine was controlled by placing rubber buffers of 
appropriate thickness and hardness on top ol the concrete specimens 

The compressive strength of the concrete increased with the rate of loading. 
The maximum ratio of dynamic to static compressive strengths was about 
1.8 for a rate of straining of 10 in. per in. per sec. The values of the secant 
moduli of elasticity increased significantly with the rate of application of 
load; the maximum ratio of dynamic to static modulus was 1.47 for the 
“weak” concrete and 1.33 for the “strong” concrete Resistance of the con- 
crete to impact as measured by its ability to absorb strain energy also in- 


creased with the rate of application of load 


INTRODUCTION 


In designing a structure subject to impact loading, the engineer faces 
the twofold problem of determining the peak loads on the structure and 
ascertaining the mechanical properties of the structural material. This 
paper is concerned with the latter problem, ¢.e., the determination of the 
strength and elastic properties of plain concrete under impact. 

In the field of reinforced concrete the designer has to know the properties 
of two distinetly different materials: steel reinforcement and = concrete. 
While a number of investigators have studied the properties of structural 
steel and other metals under impact, the study of the effect of loading rate 
on the elastic properties and compressive strength of concrete has been con- 
fined to date to the relatively low testing speeds employed by Abramsf and 
Jones and Richart.§ It was the purpose of the present study to extend the 
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speed of testing of concrete into the range which has been made possible 
by the recent advances in the technique of measuring forces and strains with 
Sk-4 bonded wire strain gages. 

The study included two concretes having approximate compressive strengths 
of 2500 and 6500 psi at 28 days. These concretes were designated as ‘‘weak”’ 
and “strong” concretes, respectively. Standard 6 x 12-in. cylinders served 
as control specimens and 3 x 6-in. cylinders were used in the study of the 


effect of the rate of loading on the properties of concrete. 


Three series of dynamic tests were made with “weak” and “strong” con- 
cretes. Each series consisted of several sets of test cylinders; each set con- 
sisted of four cylinders, two of which were tested dynamically and the re- 
maining two were tested statically for comparison. There was a minimum of 
six and a maximum of nine sets in the six series of tests. 

The rate of straining in these tests ranged from 10-° to about 10 in. per in. 
per sec, and the corresponding durations of test ranged from 30 min. to 
0.0003 sec. 


CONCRETE TEST SPECIMENS 


The materials used in the concrete test specimens were normal portland 
cement and White Marsh, Md., aggregates. The aggregates were a siliceous 
sand and %¢-in. gravel. The proportions used in the mixes are given in 
Table 1. 

The test specimens used in dynamic and companion static tests were 
3.x 6-in. cylinders. A “set” of four 3 x 6-in. specimens was cast in a four- 
cylinder gang mold and one 6 x 12-in. control cylinder was cast from the same 
batch of concrete to represent a given set of four smaller cylinders 

The 6 x 12-in. control eylinders were fabricated in accordance with standard 
procedure; the 3 x 6-in. cylinders were made in a similar manner except that 
a smaller tamping rod was used to consolidate the concrete. 

The concrete was mixed in a tilting-drum mixer of 1 cu ft capacity. The 
water, gravel, cement, and sand were added to the mixer in that order and 
the mixing was continued for two minutes after the mixer was charged. 

The concrete control cylinders were moist cured for 25 days and air dried 
for three days prior to testing. The 3 x 6-in. cylinders after a similar curing 


TABLE 1—MIX PROPORTIONS FOR TEST CONCRETES 


Proportions, by weight Water-cement 
Conerete Test series ratio, 
Cement Cravel by weight 


Weak Wil l 2.9 QO 
Weak W 2 l } W 
Weak W 3 | 3.4 90 
Strong sl l . 2.0 50 
Strong s2 l 0 50 
Strong 83 | 0 14 
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period were air dried for two days to prepare the surface of concrete for 


application of SR-4 bonded wire strain gages. ‘The surface of the concrete 


Was lightly roughened with fine sundpapel and cleaned with acetone and 
the SR-4 gages were attached with nitrocellulose cement. After application 
of the gages the small concrete cylinders were placed in an oven maintained 
at 60 C for 3 to 4 hr to dry the gages completely. The specimens were then 


removed from the oven and were allowed to cool overnight in the laboratory. 


The control cylinders were capped with a sulfur-silica capping compound 


whereas the 3 x 6-in. evlinders intended for both static and dynamic tests, 
were capped with plaster of paris. 


TESTING PROCEDURE AND APPARATUS 


Static tests 

The 6 x 12-in. control cylinders were tested in a 300,000-Ib capacity hydraulic testing 
machine. The load was applied to the specimen at a loading rate of about 30 psi per see 
Controls of the testing machine were adjusted during the initial loading to correspond to the 
loading rate given by the pacing disk and no further adjustments were made 


is the specimen 
began to vield on approaching the maximum load 


In the static tests of the 3 x 6-in. eylinders type A2 bonded wire gages were used \ pau 


ol gages were mounted on opposite sides at midsection of each specimen ind the output of 
each gage was measured separately. These gages had a nominal gage length of | oin., a re 


sistance of 300 ohms and a gage factor of about 2. The ratio of the gage length to the maxi 


mum size of aggregate was about 2.7; however, in the exploratory phase of the program a 
few static specimens were tested with A5 gages having a length of 0.5 in 


ind no significant 
difference from the longer gages was observed in the results 





Ve 
a=. * 
ree 


WANNA RNREE 


((( 


Fig. 1—Static test of 3 x 6-in. cylinder 
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\ specimen under static test is illustrated in Fig. 1. The 35 x 6-in. concrete cylinder is shown 
being tested to failure in a 60,000-Ib capacity hydraulic machine. The load was applied at a 
straming rate of approximately | microin. per in. per sec and the two gages were read simul 
taneously with two strain indicators without stopping the application of load In applying 
the load, the rate of travel of the ram was adjusted with the load valve during the initial stage 
of the test to corre spond to a rate ol application of load computed from an assumed value of 
modulus of elasticity of concrete. The load valve was then left undisturbed for the remainder 
of the test; the duration of the test was about 30 min. 


Dynamic tests 

Tests made in a hydraulic machine (Series 1)—-The 3 x 6-in. concrete cylinders of this series 
were tested in a 60,000-Ib hydraulic machine which loaded the specimens with the ram run- 
ning at full speed. The speed of the ram was approximately 5 in. per min., the duration of 
test was about 0.9 sec, and the average rate of straining was about 0.003 in. per in. per sec 

\ 3 x 6-in. cylinder under test is illustrated in Fig. 2. The cylinder is shown set in plaster 
of paris on the dynamometer and similarly capped with a steel plate. The load was applied 
through a 2-in. hardened steel ball interposed between two bearing plates having suitable 
spherical seats \fter the specimen was centered in the machine, a small initial load was 
applied to it to align the bearing plate with the fixed compression block in the crosshead of 
the machine; the crosshead was then elevated several inches and the lowe platen of the 
machine was pumped up at full speed until the specimen failed. 

As can be seen in Fig. 2, the specimen was supported on a dynamometer which measured 
the applied load The load indicated by the weighing mechanism of the testing machine was 
disregarded. The output of the dynamometer and the pair of strain gages mounted on each 


. 


; 
; 
; 


Fig. 2—Dynamic test of Series 1 
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Fig. 3—Block diagram of carrier 
type bridge measuring equipment 
used in tests of Series 1 


concrete specimen were fed into the four-channel carrier-type bridge and recording oscillo 


graph shown in Fig. 2. A block diagram of this equipment is shown in Fig. 3 

Concrete cylinders used in these tests were equipped with tvpe C3 bonded wire gages 
These gages had a nominal gage length of 1 in., a resistance of 500 ohms and a gage factor of 
about 3.4. 


Tests made in a drop-hammer machine (Series 2 and 3)— Series 2 and 3 tests were made ir 
1) consisting essentially of a 


— 


drop-hammer, and a device for catching the hammer on the 


a drop-hammer machine (Fig steel anvil, a dynamometer, a 


rebound after the test The 


+ - Roe 


. 4—Drop-hammer machine 
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anvil weighed 3200 Ib and was supported on four compression springs giving the system a 
period of nearly one second. Oscillations of the anvil following the impact test were limited 
by inserting four shock absorbers and two rubber buffers between the bottom of the anvil 
and the concrete base of the machine. The anvil was constrained to move in a vertical plane 
during the impact by means of two sway plates. Each sway plate consisted of a horizontal 
plate with two hinges. One hinge was at the point where the sway plate was attached to the 
end of the anvil and the other hinge was at the point where the sway plate was secured to a 
concrete wall. Thus, the anvil was free to move in a vertical plane and was restrained from 
moving in a horizontal plane 

Measurements made with accelerometers attached to the anvil indicated that the displace- 
ment of the anvil during the impact was usually less than 0.01 in. After the anvil attained its 
maximum acceleration at the end of the impact, it continued to travel about 0.25 to 0.5 in. and 
was brought to a stop with the shock absorbers and rubber buffers 

The specimen shown on the anvil of the machine in Fig. 4 was mounted on a dynamometer 
The hammer poised above the specimen weighed 140 lb and was tipped with a flat striking 
surface. The maximum height of drop which could be obtained in this machine was 5.5 ft 
and the maximum velocity of the hammer was about 19 ft per sec. 

The concrete test specimen shown in Fig. 4 was set in plaster of paris on the dynamometer 
and was similarly capped with a steel plate. This steel capping plate served to distribute 
the load and to bring the drop-hammer to a stop after failure of the concrete specimen. Dur- 
ing the test the eylindrical steel guard shown on the anvil was placed around the concrete 
evlinder. With the steel guard in place there was about '4-in. clearance between the bottom 
of the capping pl ite and the rim of the guard having a rubber gasket After failure of the 
concrete specimen, the capping plate came down on the rim of the guard and prevented the 
hammer from following through and damaging the dynamometer. The drop-hammer was 
stopped at its highest point of rebound by a pair ol pawls which engaged racks automatically 

Concrete specimens tested in Series 2 and 3 were also equipped with type C3 gages, two 
gages being mounted on each specimen; the outputs of these gages and of the dynamometer 
were measured with the equipment illustrated in Fig. 5. The equipment consisted essen- 
tially of a pair of potentiometers whose outputs were fed into two pre-amplifiers (Fig. 6) 
The amplified signals were then fed into a dual beam cathode ray oscilloscope. The traces 
on the tube were photographed with a 35-mm still camera. As illustrated in the block diagram 


in Fig. 6, the strain gages and the dynamometer formed parts of the two potentiometers which 


were powered with batteries producing steady current of about 20 milliamperes for normal 
operation of the equipment. In several instances, the current in the strain gages was in- 


Fig. 5—Measuring equipment used in tests of Series 2 and 3 
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Fig. 6—Block diagram of cathode 
ray oscillograph equipment used 
in tests of Series 2 and 3 


creased up to 50 milliamype res to increase the output ot the potentiometer There was no 
noticeable drift or lack of stability in the cathode ray oscilloscope after an initial warm-up 
period of about 1 hr 

The trigger shown in Fig. 6 operated by delivering an external synchronizing pulse in re- 
sponse to the closure of a pair of contacts by the drop hammer The first closure of the 
contacts provided the triggering pulse and all subsequent operations of the contacts had 
no effect on the output of the trigger. The triggering switch was mounted on one of the 
piers of the drop-hammer machine in the path of the sliding brackets which carried the drop 
hammer along the guiding rails. The elevation of the switch was adjusted with reference to 
the plane of contact of the hammer with the buffer placed on the test specimens to initiate 
the single sweep at a prescribed interval of time ahead of the Impact The duration of this 
interval was determined in accordance with the anticipated duration of impact, the sweep 
frequency of the oscilloscope, and the velocity of the drop-hammer 

Duration of impact in the tests made in the drop-hammer machine ranged from about 
0.004 to 0.00038 see, and the corresponding average rates of straining ranged from 0.5 to 
10 in. per in. per sec. The duration of impact was controlled by the hardness and thickness 
of the buffer placed on top of the capping plate. The thickness of the buffers ranged from 
0.5 to 2 in 

Dynamometers Two hollow cylindrical dynamometers were used in measuring applied 
forces in the dynamic tests. One dynamometer, made of high strength aluminum alloy had 
a capacity of 50,000 Ib and was used to test “weak” concrete cylinders. That used for testing 
the “strong’”’ concrete specimens was made of heat-treated steel and had a capacity of 125,000 
Ib. The dynamometers were equipped with type C3 bonded wire gages. Four of these gages 
were arranged around the periphery of each evlindrical dynamometer in a manner calculated 
to compensate To! bending of the dynamometer. The gauges were attached to the dynamometer 
with nitrocellulose cement and were dried in air several hours before being cured in an oven 
at 60 CC Immediately upon removal from the oven, the gages were given a coating of hot 
Cerese wax which satisfactorily kept atmospheric moisture out of the nitrocellulose cement 

Calibration of equipment--The dynamometers were calibrated statically at intervals during 
their period of service; these calibrations consisted of loading the dynamometer in a testing 
machine and observing the corresponding values of loads and changes in resistance of the 
bonded wire strain gauges The calibrations of the oscillographs illustrated in the block dia 
grams in Fig. 3 and 6 consisted of introducing a known change in the resistance in the strain 
gages mounted on the conerete and those attached to the dynamometers Actually, the 


change in resistance was caused by means of calibrating resistors thrown in parallel with 


the strain gages and the dynamometer as illustrated in Fig 6. This was accomplished by 
means of 4 hand operated single-throw three-pole switeh in tests of Series 2 and 3. Two of the 
knives of the switch served to connect the calibrating resistors aeross the appropriate strain 
gages, While the third knife initiated the driven sweep in the oscilloscope. The leading edges of 


the three knives were carefully adjusted by filing to give the desired sequence of contacts 
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\ typical record of calibrations of the equipment used in the dynamic tests is shown in 
Fig. 7. In the Series 1 tests, calibration of the equipment was made separately for the strain 
gages and the dynamometer; in the tests of Series 2 and 3, the calibrations were made simul- 
taneously. Two calibrating resistors were used in each of the potentiometer circuits to provide 
a check on the accuracy of the calibrations and test the linearity of response ol the equipment 
to the calibrating signals. 

Recording and reduction of data ‘The data obtained in tests of Series 1 were recorded on 
photo-sensitized paper by suitable galvanometers (Heiland type (). The records of data 
in tests of Series 2 and 3 were obtained by photographing the 5-in. screen of a cathode ray 
oscilloscope on 35-mm film, with a fixed foeus camera having an {3.5 lens. 

Typical records of stresses and strains observed in the dynamic tests are illustrated in 
Fig. 7. The last frame in each test record shows two test traces obtained with the strain 
gages and the dynamometer. The strain trace is the signal produced by the two strain gages 
connected in series and represents the average strain in the specimen. The lower trace pro- 
duced by the dynamometer represents the stress in the concrete. The time base in the record 
produced in the recording oscillograph (Series 1) was furnished by the transverse time marks 
which were made every 0.0L sec In the photographic records of the cathode ray oscilloscope 


(Series 2 and 3) the time base was furnished bv an audio-frequency oscillator which modulated 
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Fig. 7—Typical calibration and test records 








EFFECT OF STRAINING RATE ON PROPERTIES OF CONCRETE 737 


the intensity of the beams at frequencies from 5000 to 20,000 eps in such a manner that the 
traces of the beams became dotted lines 

In the records ot data of Series | a reference line was furnished by a fixed source ol light 
in the recording oscillograph. In the photographic records of Series 2 and 3 reference lines 
were produced by exposing the film to a single sweep ol the beams immediately before photo- 
graphing the test traces 

The data were reduced directly from the paper record or the 35-mm negative with the aid 
of a toolmaker’s microscope. The microscope had a magnification of 15 diameters It, was 
equipped with two micrometer screws with which the stage could be transported In two mutu 
ally perpendicular directions 


Sonic tests 

In addition to determination of the modulus of elasticity in these static and dynamic tests 
by measuring corresponding values of stress and strain, a dynamic modulus was determined 
for the 3 x 6-in. concrete cylinders by the nondestructive sonic method. The values of the 
sonic modulus of elasticity were those computed from the fundamental longitudinal frequency 
of the eyvlinders 

Apparatus used in the sonic test consisted essentially of a variable frequency audio oscillator, 
an amplifier, a driving unit, and a pickup circuit. The amplified power of the oscillator was 
delivered to the driving unit which was placed in contact with the concrete specimen The 
specimen was supported on a thick pad of sponge rubber so as to permit it to vibrate with 
minimal restriction. The output of the pickup unit held against the concrete specimen was fed 
into a cathode ray oscilloscope to indicate the maximum amplitude associated with the resonant 
lrequency ol the specimen The pickup was also used as a probe to identify the mode of vibra 
tion set up in the specimen by ascertaining the locations of the nodes along the I ngth ot the 
cylinder 

The sonie modulus was computed from the formula relating length of the specimen L, its 
resonant frequency N, density p and modulus of elasticity EZ, K 1L2N%p 


RESULTS AND DISCUSSION 


Comparison of the properties of the “weak” and “strong” concretes undet 
static and dynamic rates of loading is given in Table 2 which lists the average 
values of data obtained in six series of dynamic tests, three each for the 
“weak” and “strong” concretes, and the companion static tests Since 
only the averaged data are presented in this table, the coefficients of variation 
are given as a measure of the dispersion of the data 
Compressive strength 

The static compressive strength of the concrete is given in Table 2 for 
both the 6 x 12-in. control cylinders and the 3 x 6-in. test specimens. The 
average values of the compressive strengths of the “weak” and “strong” 


conecretes In the control cylinders were 2530 and 6210 psi, respectively, and 


the corresponding values for 3 x 6-in. evlinders were 2650 and 6760 psi. The 


observation that the smaller specimens developed somewhat higher strengths 
was In accord with similar results reported by other observers.* 

The relation between the dynamic and static compressive strengths is 
given as the ratio of those strengths for the several rates of application of 
load employed in these tests. The ratios of the dynamic to static strengths 
were 1.09, 1.57, and 1.84 for the “weak” conerete and 1.13, 1.53, and 1.85 


*Gonnerman, H. J Effect of Si nd Shape of Teast Specin Comp e Strength of ( 
Bulletir ' Lew) I titute. C} 
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for the “strong” mix. The corresponding durations of impact were 0.90, 
0.0043, and 0.00025 sec for tests of “weak” concrete and 0.86. 0.0010. and 
0.00043 see for “strong” conerete 


The effect of the rate of application of load on the compressive strength 


of concrete is illustrated in Fig. 8 and 9 It will be seen that the effects of 
varying the rates of stressing and straining on the compressive strength of 
the concretes was nearly the same 


Modulus of elasticity 


Typical stress-strain relations for the eoncretes are illustrated In Fig. 10 


TABLE 2—SUMMARY OF RESULTS OF STATIC AND DYNAMIC TESTS 


Compres 
eylinder 
psi 
percent* 
Static, fo, and dynan 
strengths, 3 x 6-in 
fs, Psi 
percent 
fa, psi 
percent 
le 
c, percent 
Modulus of elasticity 
Initial tangent 
Stati 
Ey, 108 psi 
Dynamic 
+ 106 psi 
Ba/Es 
Secant at strain of O.OOL per i 
Static 
B's, 10% psi 
percent 
Dynamic 
I 106 psi 


percent 


10e 
I 
nat maximun tres 
Stutic 
és, 1O-¢ in, per ir 
Dynamic 
€ 10°76 in, per i 
fd €s 
Strain energy absorbed by 
Statue 
W,, in.-lb per it 
¢ percent 
Dynarnic 
“ in.-lb per i 
¢, percent 
i Ws 
percent 
Duration of impact 
se4 
percent 
Average rate of str 
0 psi per 
percent 
Average rate o ra 
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Fig. 10 — Typical stress-strain 
graphs, Series W1 tests. Average 
rate of straining during impact 
was 0.00364 in. per in. per sec 


STRAIN 


through 15 and the average values of the moduli are tabulated in Table 2 
These curves show the relationship between stress and strain up to the maxi- 
mum load for sets of four eylinders each, which were cast from the same 
hatch of conerete and molded in a single four-cylinder gang mold. Two 
specimens were selected at random from each set for the impact test. If 
will be seen that the initial slope of the dynamic*® stress-strain curves for each 


*In this paper the terr dynamic modulus” refers to the value obtained in the impact test t the 


test 
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Fig. 11 — Typical stress-strain 
graphs, Series W2 tests. Average 
rate of straining during impact 
was 0.531 in. per in. per sec 


Fig. 12 — Typical stress-strain 
graphs, Series W3 tests. Average 
rate of straining during impact 
was 10.1 in. per in. per sec 


Fig. 13 — Typical stress-strain 
graphs, Series S1 tests. Average 
rate of straining during impact 
was 0.00296 in. per in. per sec 
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Fig. 14 — Typical stress-strain 
graphs, Series S2 tests. Average 
rate of straining during impact 
was 2.86 in. per in. per sec 
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Fig. 15 — Typical stress-strain 
graphs, Series $3 tests. Average 
rate of straining during impact 
was 6.69 in. per in. per sec 








concrete remained constant to higher values of stress as the duration of 
impact decreased. The slope of the linear portion of the stress-strain curves 
also became steeper as the rate of straining increased in the dynamic tests. 
The ratio of the dynamic to static moduli were 1.02, 1.07, and 1.10 for “weak” 
concrete and 1.06, 1.16, and 1.24 for “strong” conerete for tests of series 
1, 2, and 3, respectively. 

It will be recognized that the determination of the initial tangent value 
of the modulus of elasticity for a material such as concrete represents to a 
large extent the judgment of the person making this determination. For 
this reason, the modulus of concrete is usually given as the slope of the secant 


drawn from the origin to a point on the curve corresponding to some pre- 


determined value of strain. Table 2 gives both the initial tangent and the 
secant values of the modulus of elasticity, the secant being drawn to a point 
corresponding to a strain of 0.001. 

The variation of the secant values of the dynamic moduli of elasticity with 
the rates of stressing and straining are shown in Fig. 8_and 9, in which the 
ratio of the dynamic to static modulus, E’¢/K’,, is plotted against the loga- 
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Fig. 16 — Variation of secant 
dynamic modulus with dynamic 
compressive strength 
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rithm of the stress and strain rates, Ga, and €,,,. These data indicate 
that the secant moduli of elasticity of both “weak” and “strong” concretes 
increase markedly with increasing rates of stressing and straining. 

The ratios of dynamic to statie moduli are shown in Fig. 16 plotted against 
the corresponding strength ratios. It was observed that for the same ratio 
of dynamic to static strength, the ratio of dynamic to static moduli was 
significantly greater for “weak” concrete than fer the “strong”™’ mix. 

The values of the sonic moduli of elasticity computed from the resonance 
frequencies of the concrete specimens vibrating longitudinally are also given 
in Table 2. The ratios of the initial tangent values of the dynamic moduli 
to the sonic moduli showed no consistent relationship to any of the other 
variables in this study. 


Strain energy absorbed by concrete 


Measurement of strain in both static and dynamic tests was carried out up 


to the maximum value of stress. Thus it was possible to estimate from the 
areas under the stress-strain curves, such as those shown in Fig. 10 through 
15, the capacity of the concrete to absorb strain energy up to the maximum 
stress. 

The values of the ratios of dynamic strain energies to the static values are 
tabulated in Table 2 and are plotted in Fig. 17 against the corresponding 
dynamic-static strength ratios. The variation of the strain energy ratio, 
Wo W,, with the strength ratio, fa/f,, was nearly the same for both the 
“weak” and “strong” concretes. The values of W,/W, ranged from about 
0.9 to 2.2 as the ratio fa/f, varied from 1.1 to 1.8. While the individual 
values of Wa W, showed considerable dispersion as can be seen from the values 
of coefficients of variation given for Wy, and W, in Table 2, the average values 
plotted in Fig. 17 are in good concordance with the dynamic-static strength 
ratios. 

It is worth noting that the greater ability of the concrete to absorb strain 
energy at high rates of loading was due primarily to greater strength and to 
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Fig. 17 — Variation of the 

dynamic-static strain energy ratio 

with the dynamic-static strength 
ratio 
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some extent to the larger values of strain at the maximum loads; it will be 


recalled that the ability of concrete to absorb strain energy was defined as 


the area under the stress-strain curves. The ratio of the dynamic to static 


strain at maximum stress increased with the rate of application of load and 


the maximum value of this ratio was about 1.3 for both coneretes. 


There was no significant difference in the manner of failure of the concrete 
cylinders in the dynamie and static tests. The photographs of typical failures 
in Fig. 18 show that both the dynamic and static specimens failed in’ the 


characteristic manner of brittle material in a compressive test by developing 
cones at the ends which served to split the cylinders 


SUMMARY 


Two concretes of widely different compressive strengths were tested at 
in. per see to about 
the corresponding durations of test ranged from 30 


several rates of straining which ranged from LO-® in. pet 
10 in. per in. per sec; 


min. to 0.0003 see The nominal compressive strengths of the two concretes 


designated as “weak” and “strong” respectively, were 2500 and 6500. psi. 
The coneretes were tested as 3 x 6-in cylinders The compressive strains 
and stresses were measured up to the maximum loads in the dynamic and 


companion static tests and the following results were observed: 


Fig. 18 — Dynamic and static 


specimens gga in com- DYNAMIC STATIC 
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| Compressive strength of each conerete increased with the rate 


ol application 
dynamic to static 


compressive strengths were 1.84 
respectively, at the highest rate ol 


of load Average ratios of the 


and 1.85 for the “weak” and “strong” concretes, 


loading employed in these tests 

2 Modulus of elasticity of each of the conecretes increased significantly with the 
rate of application of load. The secant values of the dynamic moduli were from 12 
to 47 percent greater than the static values for the “ 
33 percent greater for the 
this study. 


weak” concrete, and from 7 to 


“strong’’ concrete, for the range of loading rates used in 
3. Resistance to impact of each of the concretes, measured by their ability to 
increased markedly with the rate of loading. The average ob- 
served ratio of the dynamic to static strain energy ranged from about 0.9 to 
the range of loading rates used in this study. 


t. 


absorb strain energy, 
9 


2.2 for 


Values of strain observed at failure in the dynamic tests for 


the highest rates 
of loading were materially greater than the corresponding values in the static tests. 
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SYNOPSIS 


Three methods for determining drying shrinkage of bigh-pressure steam 
cured concrete block are described and results compared \ rapid method 
requiring only 24 hr immersion was found to be as practical as methods 
requiring 96 hr immersion for determining absorption and moisture losses. For 
measuring shrinkage, the rapid method is satisfactory proy ided allowance is 
made for the fact that the values determined are ipproximate ly twice those 
found in service 

\ device for measuring tensile strength of concrete in whole block is de- 
seribed and illustrated Although still under development test results were 


in good agreement. 


INTRODUCTION 


A project was begun in 1951 to study methods for determining the physical 
properties of concrete block and to determine the phy sical properties of 
high-pressure steam-cured block from various sources. Values obtained for 
absorption, moisture loss and drying shrinkage Vary with variations in test 
methods. Hence, three methods of drying the block were used to determine 
the range through which these values might vary. 


MANUFACTURE OF BLOCK 


Block were made in four commercial plants and, with one exception, were 


typical of their normal production. The one exception Was the cinder block 
made in Plant No. 4 which does not produce them but made a set for this 
project. 
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Type [A cement was used in all block. The mixes used were approxi- 
mately 2600 lb aggregate, 226 lb cement, and 150 lb silica for the cinder and 
expanded clay block; and 1900 lb gravel, 1780 Ib sand, 226 lb cement, and 
150 |b silica for the sand and gravel block, except for Plant No. 2. This plant 
does not normally produce block with expanded clay aggregate and made 
none for this study. This plant also does not use silica in its cinder and sand 
and gravel block and, accordingly, did not use it in the block made for this 
project. 

The block from three plants were 754 x 75% x 155 in. with 114-in. shell 
and 1!4-in. center shell. Those from the other plants were 1754 in., instead 
of 155% in., long. All block were made on vibrating machines and the two 
or three sets from each plant were cured at the same time for a minimum 
of 8 hr in steam at a gage pressure of 125-140 psi. They were a minimum 


of 2 hr old when autoclaving was started and the time required to reach 


maximum pressure was not less than 1!4 hr. They were stored under cover 
until shipped to the laboratories where they were stored in laboratory air 
until tested. 


TESTING PROCEDURE 


Four laboratories collaborated in this study and three methods were 
followed in determining the drying shrinkage of the block. These are called 
teference, British, and Rapid methods. Some of the laboratories used the 
Whittemore strain gage for measuring the length changes; others used an 
Ames dial comparator developed and built by the Research Foundation of 
the University of Toledo; and some used both methods. 

When the strain gage was used, brass plugs were cemented into each face 
of the block to give two 10-in. gage lines and the shrinkage reported for a 
block is the average of the measurements made on the two faces. When 
the dial comparator was used, stainless steel ball bearings were cemented 
into small cavities drilled in the edges at the corners of one face of the block. 
After the block were fitted with gage points, separate sets of three were 
tested by each of the following methods. 

Reference method 

The block were immersed in water at 73 + 3 F for 96 br and were then weighed under 
water and in air and the initial length measurements were made. They were then permitted 
to dry for a few days in laboratory air and were then placed in a cabinet at 73 += 3 F over 
a saturated solution of sodium hydroxide. Length and weight changes were determined at 
intervals of a few days until equilibrium was reached. Equilibrium was considered to be 
reached when the weight during a 6-day period was not greater than 1 percent of the over- 
all loss in weight and the change in length during this period was not greater than 0.002 
percent of the gage length of the specimen 
British method 

In this method, based on the method of British Standards No. 834——‘‘Blocks for Rendered 
Walls,” the blocks were immersed in water at 73 + 3 F for 96 hr. They were then weighed 
under water and in air and the initial length measurements were made. They were then 
stored in a cabinet at 122 + 3 F over a saturated solution of calcium chloride. Weight and 
length measurements were made at intervals of a few days until equilibrium, as defined in 





HIGH-PRESSURE 


the Reference method, was reached. They were then stored for 24 bur at 
closed steel drums and then final weight and length messurements were made 

The vapor pressure of a saturated solution of sodium hydroxide at 73 I equivalent tos 
relative humidity of approximately 1O percent and that of a saturated solution of calerum 
chloride at 122 F is equivalent to a relative humidity of approximately 17 percent. Relative 
humidities less than these for extended periods are not often found in nature. Hence, shrink 
ages obtained in the Reference and British methods probably represent about the extremes 
that would be found in service 
Rapid method 

The block were immersed in water at 73 * 3 F for 24 hr and then were weighed under 
water and in air and initial length measurements were made. The block were then dried 
In an oven at 220 to 235 F for 48 hr, after which they were stored for 24 hr in a tightly closed 
steel drum stored in a room at 73 + 3 FF. They were then weighed and length measurements 
were made 

Kach laboratory was supplied with 15 block of a kind and the block were 
tested in triplicate in each test. The block, upon removal from the immersion 
tank, were allowed to drain on a screen for 5 min. before weighings were made 

In the Reference method, 55-gal. steel drums, equipped with covers that 
could be locked in place, were used for storage ol the block over the saturated 
solution of sodium hydroxide. This type of drum was also used as the con- 
tainer in which the block were cooled to 73 F after drying in the British and 
Rapid methods. It was found that sets of three block reached a temperature 
of 73 = 3 F within 24 hr in such a drum without the use of a fan in the drum 
to circulate the air. The amount of moisture in the air of such a drum is not 
sufficient to have a significant effect upon the moisture content of three block 
Hence, upon the completion of the drying periods in either the British or the 
Rapid method, the three block were transferred from the drying cabinet 
to the steel drums without making any provision to dry the air in the drums 

The heating cabinets used in the British method were made by equipping 
insulated cabinets, used commercially for cooling bottled drinks, with heating 
elements and fans, except in one laboratory which used 55-gal. steel drums 
stored in a room controlled at 122 + 2 FF. The ovens used in the Rapid 
method were electrically-heated laboratory ovens equipped with fans 

Laboratory No. 1 was scheduled to make compressive strength tests on 
their block after the tests in all three methods had been completed. Labo- 
ratory No. 2 was scheduled to make compressive strength tests on a set of 
each block as received and on the block used in the Reference and Rapid 
methods after the other tests were completed, also to make tensile strength 


tests on the block used in the British method after the other tests were com- 


pleted. Laboratory No. 3 was scheduled to make compressive strength tests 


on the block used in the Reference and Rapid methods after the other tests 
were completed. Laboratory No. 4 was not scheduled to make any strength 
tests. The data obtained in the various tests are given in Tables 1, 2, and 3 
The block were furnished by Concrete Pipe & Products Co., Ine., Richmond, 
Va.; Harter Marblecrete Stone Co., Oklahoma City, Okla.; National Brick 


Corp., Long Island City, N. Y.; and Roanoke-Webster Brick Co., Roanoke, 
Ts f don 
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Va.* The laboratory tests were performed by National Bureau of Standards, 
Washington, D. C.; Bureau of Reclamation, Denver, Colo.; Research Foun- 
dation, University of Toledo, Toledo, Ohio; and Portland Cement Assn., 


Skokie, Il.* 


DISCUSSION OF RESULTS 


In outlining this project, consideration was given to the use of small speci- 
mens sawed from the block instead of full block as test specimens. One 
member of the committee had had considerable experience with sawing 
specimens from block and was able to show that such a procedure was very 
costly, both in saw blades and man-hours. It was, therefore, decided to use 
full block specimens and to attempt to develop suitable equipment and test 
procedures for this type of specimen. 

The values for apparent specific gravity, unit weight, absorption (4) 
and moisture loss (W/L) given in the tables were obtained by the following 
formulas: 

Di SU DV 


Apparent specific gravit 1 (percent 
pparent specifie gravity SM ™ percent) DW 


Apparent specific SU Du 
Unit weight (Ib per cu ft) wavy x @R4 VL (percent) oi 
Where 


IW Weight under water at end of immersion period 

Su Weight in air at end of immersion period 

DW Weight in air at end of drying period 

The values obtained for the absorption and moisture loss as well as those 


for specific gravity and unit weight depend upon the saturated weight of 


the specimen. This is not easily obtained with a high degree of accuracy 


because of the ease with which water can drain and evaporate from the large 
pores in the surface of the specimen. In this study, the block, upon removal 
from water, was allowed to drain on a screen for 5 min. before the saturated 
weight was determined. However, it seems very likely that some of the 
differences between laboratories, for block of a kind from the same plant, 
in the results for absorptions, moisture losses, specific gravities, and unit 
weights are the result of differences in the amounts of water lost by the 
specimens during the draining period rather than to actual differences in the 
block. For example, Laboratory No. | obtained average absorptions of 
18.4 and 15.9 percent; whereas Laboratory No. 4 got absorptions of 13.9 
and 14.8 percent, respectively, for the expanded clay aggregate block from 
Producer No. 1 by the Reference and British methods, respectively. The 
block were immersed in water for 96 hr in both methods. 

The block from Producer No. 1 were the first to be studied and some of 
the differences in the results between laboratories and between the tests in 
a given laboratory on this first lot of block may have been caused by in- 


*The order in which the plants and laboratories are listed do not correspond to the 
block and data appear in the table 
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experience with the methods of testing This is indieated by the better ngree- 
ment shown for the results with the block from other producers. Accord- 
ingly, by disregarding certain of the data for the block from Producer No 
1, it appears that the differences in the results between laboratories with 
different specimens from a given lot of block will rarely exceed 3.0 Ib per 
cu ft for unit weight or 2.0 percentage points for absorption and moisture 
loss. These limits apply to the results obtained by the three methods, even 
though the immersion period was only 24 hr for the Rapid method and 96 
hr for the other methods. Hence, from a practical standpoint, an immersion 
period of 24 hr appears to be adequate for saturation of high-pressure steam 
cured block. 

It may be seen from the tables that the absorptions and moisture losse 
for the block of a kind from any one plant appear to be very nearly inde 
pendent of the method of drying. Moisture is held in the expanded clay anc 
cinder block in the relatively large pores of the aggregate and in the hy 
drated cement paste. In the sand and gravel block, most of the water is 
held in the cement paste. The water held by the aggregate is lost readily 
to atmospheres with relatively high vapor pressures. Hence, one would 
expect that the quantity of water lost by the aggregate during drying of the 
block would be independent of the method of drying. On the other hand, 
one would expect that the quantity of water lost by the hydrated cement 
paste would not be independent of the method of drying. However, since 
the total moisture content of the hydrated cement paste is only a small part 
of the total block, small variations in the amount lost have only a minor 
effect upon percentage expressed in terms of the total weight of the block 
Hence, from the standpoint of a practical test, the tay id method appears 
to be as satisfactory as either the Reference or British methods for deter- 
mining absorptions and moisture losses 

Small variations in the degree to which the paste is dried may not make 
significant changes in the absorptions and moisture losses but they would be 
expected to make significant changes in the values obtained for the shrinkage 
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during drying. Curves obtained in one of the laboratories showing the rates 
at which the block from Producer No. 4 lost weight and shrunk in the Refer- 
ence and British methods are given in Fig. | to 4. These curves are typical 
of those obtained in the four laboratories for all of the block. 

It may be seen from the tables that the shrinkage obtained in the Refer- 
ence and British methods do not differ greatly. However, there is a tendency 
for those of the latter to be the higher, which is expected because it seems 
that the hydrated cement paste should be dried to a slightly greater degree 
in the British than in the Reference method. The shrinkages obtained in 
the Rapid method were considerably higher than those of the other methods. 
The variations for each type of block are as follows: 


PERCENTAGE VARIATIONS IN SHRINKAGE IN THREE METHODS OF TEST 


expanded clay Cinder Gravel 


Reference method 0.0143 to 0. 0237 0.0123 to 0. O371 0.0087 to 0.0255 
British method 0.0194 to 0.0254 0.0170 to 0.0366 0.0137 to 0.0252 
Rapid method 0.0330 to 0.0434 0.0337 to 0.0586 0.0150 to 0.0443 


Irom these results, it is seen that the maximum shrinkage in the Reference 
and British methods was about 0.025 percent tor both the expanded clay and 
gravel block and was about 0.037 percent for the cinder block. There appears 
to be little, if any, choice between these two methods of measuring shrinkage. 

In the Rapid method, the maximum shrinkage was about 0.045 percent 
for the expanded clay and sand and gravel aggregate. This is approximately 
twice what it was for the Reference and British methods. It was 0.059  per- 
cent for the cinder aggregate or approximately 1.5 times what it was for the 
Reference and British methods. From the standpoint of a practical and 
rapid method for measuring shrinkage, the Rapid method appears to be 
satisfactory, if the user realizes that the values obtained are approximately 
twice those which would occur in the most severe service. 
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TENSILE STRENGTH 
Tensile strength of the concretes represented by the test block was deter- 
mined on whole units remaining after completion of the volume change 
studies under the British method. Tensile stress was applied in the region 
of the thickened mid-portion of the face shells by means of a device which 


grips the specimen over a length of approximately 6 in. from each end. Grip 
contact was applied to the bearing faces of the unit and depended on the 
frictional resistance developed by leather-lined steel plates which were clamped 


to these faces (Fig. 5). Axial load was transmitted by means of heavy steel 
end plates attached to the grip plates. The connection to the testing machine 
was afforded by 1 in. diameter bars fitted with a ball and socket joint centrally 
located in each end plate. In computing the unit tensile strength, the ulti- 
mate load was divided by two times the projected area of the smallest section 
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Fig. 5—Gripping device for ten- 
sile strength tests 








at the point of rupture. It was assumed that failure occurs in the lesser 
section first with rupture in the opposite section Instantly following due to the 
resulting eccentricity of loading. 

The apparatus is still under development and refinement toward greater 
convenience and speed in test preparation. However, preliminary tests con- 


dueted on a considerable number of full size units of the same design and 


concrete quality were in sufficiently close agreement to warrant the use of 


the apparatus in the form shown. 


MISCELLANEOUS INFORMATION 


One member of the committee made tests by the Rapid method at temper- 
atures of 170 and 216 F to determine the possibility of using temperatures 
in the neighborhood of 170 F for this test. He obtained approximately the 
sume shrinkages at the two temperatures but shrinkage was not complete 
in 48 hr at 170 FF. Hence, this temperature is not as suitable for a rapid 


method as is the temperature of 220-230 F. 
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of various physical requirements for such 


wire, which may be conflicting, such as 


strength, ductility, malleability, and creep 


Different methods of producing and distributing 
concrete (Betongen til bygget, olika metoder 
for tillverkning och distribution) 
G. Baursten, Betor Stockholm), V. 37, No. 3, 1952 
pp. 219-254 

Reviewed b ESTA 


Kivinp Hoags 


Different methods ol concrete production 
are discussed and compared with particular 
In three 


ready-mixed 


reference to ready-mixed concrete. 


of the larger Swedish cities, 
concrete plants are now producing about 20 
percent of the total demand 

The most common method of distributing 
concrete for buildings is a conerete hoist run 
by the mixer The output, ine luding prline ng 
and vibrating the conerete in the forms, is 


about 1.1 man-hours per cu yd 


Umbrella building 


irchitectural F¢ 
150-152 


n , Jan. 1953 


pp 
Reviewed by M. W. Jacksons 

Describes building element consisting of a 
tent-like 
columr, deve loped by 
A claimed 150 x 150-ft 
with 1 in. thick concrete shell containing 1 


The 


single 
Italy 


area may be spanned 


structure supported on a 
Gi, Baroni of 


psf of steel. analysis of such a structure 
is reviewed 

Proposed design by Professor Baroni lor 
Hangar 


is 200 x 5OO-ft clear span, and the roof con 


Argentine hangar is also described 


sists of five rows of 12 umbrella-ty pe sec tions 
thick concrete shell, 40 x 40 ft, each 
supported Irom welded steel arches Spurr 
DOO tt. 


REVIEWS 159 


Placing of concrete in the construction of large 

dams—cableways of the Bin-el-Ouidan dam 
n French 

1. GRAVELLE ] 

1952, pp. 597-504 


Describes the and 


the 


ierial cableway system 


machinery used to conerete in 


The 


the dam was 445 ft; thickness at base 


plac 


construction of an arch dam height of 


S4 it 


Reinforced concrete chamber 


in Hungarian 


‘recompression’ 


Gosster, VMely lor y mile sucdape 
1, No. 9, Sept. If 
i 


The 
workers 


treated) 


“recompression”” chamber which 


ifflicted 


lor the 


(in 


with = the “bends” are 
| Nn 
Building Enterprise was 
The 


than 


effected 


lerground = Railway 


construc ted ol rem 
ch umber 


thre 


forced concrete Was con 


siderably — larger former steel 


chambers and savings in steel a 


well as costs 


Calculation of a symmetrical arch with fixed 
ends and level supports under the effect of 
horizontal wind (in French 

wes, 7 

2, PP. obs 


P. LAaAYRAN 
le« An) 


Formulas ine derived lor unitorm hori 


zontal wind, based on principles of elasticity 


Influence lines are -presented for various 


factors; particular CSCS ine compared 


Solution is indicated for a variable 


ntensit 


of wind 


Photoelastic research on plates in transverse 
bending 
ALBRECHT Wuskt I ne J ond 17 
No, 4536 and 4537, Jan. 2 : Yo y 

te by An Mins 


Method ce velope lL by Favre 


by author utilizes models made ot 


and (ily ind 
two sheets 
or lavers of plastic of different 


stre SOP ot de il 


yiving good 


Bakelite) haves 


to obtain 


characteristics (one combination 
Plexiglas 


interferometer 


results Is ind 


used an thie um of 
the author uses 
Article giy 


description of method, underlying theory 


Wwe 1] 


principal stresses, whereas 


isochromatics and isoclinies 
ind 
some results, and is illustrated with 24 
figures 

Another paper thie 
iuthor, appeared in Zeitschrift Ve DLT 
1, 1952, pp. 745-747 (see Af I JouRNAI 


6HO0) 


on subject, by itn 
\ug 
New 


1053, ~ 
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Footbridge of prestressed concrete at Rocs in 
Poitiers (in French) 


Maurice Bropixn, Le Genie Civil (Paris V. 130 
No, 1, Jan. 1, 1953, pp. 1-6 
Reviewed by M. W 


JACKSON 


Describes design and construction of pre- 
stressed concrete bridge for pedestrians and 
Total length is 1125 ft, 


longest spans 167 ft, and total width 16 ft 


cyclists with the 


Studies in cement-aggregate reaction. XX— 
Correlation between crack development and 
expansion of mortar 


J. K. McGowan and H. EF. Vivian, Australian Journal 
of Applied Science Melbourne V. 3, No. 3, Sept. 
1952, pp. 228-232 

AUTHORS’ SUMMARY 


cracks 
regarded as 


The development and widening of 


by swelling particles are pro- 


ducing the expansion of mortar specimens. 
There is a positive correlation between the 
measured expansions of mortars and those 
calculated from estimates of the mean num- 
bers and widths of cracks observed in mortar 


specimens, 


Construction of eight new bridges in prestressed 
concrete (in French) 
J. Carver, Travaur (Pari V. 36, No. 217, Nov. 1952 
pp. 529-531 
Reviewed by M. W. Jackson 
sriefly describes eight bridges with spans 
varying from 145 to 175 ft over the Nimy- 
Blaton 


frame type prestressed bridges. 


canal Details shown of two rigid- 


Introduction to vacuum concrete 
London), V. 111, No 


I. Leviant, The Surveyor 
Nov. 20, 1952, pp. 767-768 


Reviewed by M. W 


s169, 
JACKSON 


Discusses theory of vacuum concrete, 


where inside of formwork is covered by a 
filter of fabric and wire mesh and the filter 
attached to a 


crete column can become completely 


\ large con- 


sel f- 


vacuum pump. 
supporting within 15 minutes, and the form- 
that 
planation of that phenomenon offered. 


work removed at time. Elsborate ex- 
Reviews characteristics of vacuum-treated 


concrete: reduction in water-cement ratio; 
tensile 
strength of 1500 to L800 psi at 28 days; and 


improved resistance to freezing and thawing 


increase in strength; increase in 


With such tensile strengths possible as indi- 
cated, the reviewer questions whether basic 


theory for design should continue to negleet if 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


April 1953 


Covering of two service reservoirs with barrel 
vault roofs 


C. A. Serrevy, Journal 
V. 4, No. 5, Aug 


of Institute 
1952, pp. 343-361 
teviewed by M. W 


of Water Engineer 
JACKSON 


both 
old, had clay puddle floors. 


Two reservoirs, more than 75 years 
The floors were 
unsuitable for foundations to support roots, 
and due to past history of repairs, the en- 
gineers did not wish to disturb the floor to 
Each of the 
roofs as constructed consisted of three equal 


provide deeper foundations. 


barrels joined by featheredge valley beams 
with spans of 100 ft, and a barrel chord of 
43 ft. 
in. stiffening beams. 
thick, 


concrete 


The barrel ends were enclosed by 9- 
The shell was 3!¢ in. 
l-in. minimum cover for the 
They 


imposed load of 


with 
were designed for a 
The 


supported on existing walls of the reservoir. 


super- 


15 psf. barrels 


were 


Reinforcement was in three layers, the top 


and bottom of mesh, and the center of 1- 


or ®¢-in. bars. Details of construction, cost 


figures, and subsequent observations and 


measurements of movement of the roofs 


reported. 


Curing of concrete pavements 


Current Road Problems, No. 1-R 
Oct. 1952, Highway 


Revised Edition 


Research Board, 20 pp 
This 
No. 1 


mended practice for curing portland cement 


Road Problems 


eurrent 


revision of Current 


makes available the recom- 
concrete pavement through the application 
of wet coverings, initial water spray, liquid- 
membrane seal coats, waterproofing paper, 
and the protection of the concrete against 
Included in the 


specifications — for 


low temperatures. appen- 


dices are the curing 
materials, suggested methods of tests, and a 


selected bibliography. 


Construction of a bridge of prestressed con- 
crete at Beauvais (in French) 


Jacques Bruyant and Maurice Hemarp, Travaus 
Paris), V. 36, No. 218, Dee. 1952, pp. 544-548 
Reviewed by M. W. Jackson 


Describes design and construction of a 
four-span prestressed concrete bridge with a 
total length of 386 ft; maximum span, 110 
ft; total width, 49 ft. <A slab 
(without beams) was used, with depth of 


slab 2.75 ft. 


continuous 


The prestressing cables were 
slightly longer than the length of each span; 


the cables were not continuous over the sup- 


ports. Transverse prestressing was also used 





CURRENT REVIEW 


Prestressed concrete applications 
Cuarves CC, Zoutman, Milita dngines Vv. 44 
207, Jan.-Feb. 1952, pp $-27 

Reviewed by M. W 


JACKSON 


Describes application ol prestressed con- 
crete to unusual and difficult situations. In 
raising height of Cheurfas dam and Beni- 
Bahdel dam in 


they were anchored to their 


Algeria in the early thirties, 
foundations by 
methods to stability. 


prest ressing increase 


An unstable retaining wall at Ghent, Belgium, 
Other 


described include underpinning an 


was similarly anchored. problems 


existing 
structure, cofferdams and plers, precast 


No field in 
civil engineering in which prestressing does 


tubular bridge bents, and _ piles. 


not offer solution; requisites are high tensile 


strength wires, an end anchorage, and 


imagination 


Stone screenings and their use 


A. I 
No. 3, 


Gouppeck, The Crushed St 
Sept. 1952, pp. 10-13 

Stone screenings are that part of the pro- 
duct of a crushing and screening plant that 
passes through a small screen, generally 3¢- 
or !4-in. square opening, and contains all of 
the dust of fracture. Physical characteristics 
are discussed briefly. Various uses, including 


recommended gradations, are described: 
use as a blanket course, mm vcadam base con 
struction, base course, fine aggregate in con- 
crete, and use in bituminous concrete wearing 


surfaces. 


Precasting pays off on long concrete trestle 

Harotp W. RicHarpson, Construction Method 

Equipment, \ $5, No. 1, Jan. 1953, pp. 54-0 
Reviewed by M. W 


f 
JACKSON 


Construction ot concrete bridge 2 miles long 
across shallow bay in Mississippi is described 
Pile spaced at 41 ft 
slabs were precast in’ half-width 
each 27.5 ft wide and 41 ft 
122 tons each. 


bents are Roadway 
sections, 


long, weighing 


Prestressed tilt-up walls for earthquake re- 
sistance 

F. Tuomas Couwuins, Western Constructio \ 

12, Dee. 1952, pp. 66-68 


Reviewed by M. W 


single- 
Calif 
Side walls consisted of five 20-ft tilt-up cone 


Describes concrete construction. of 


story warehouse at San Fernando, 


crete panels. Conduit placed in panels nea 


top used for post-tensioned cable, continuous 


for entire side including through 


place columns The prestressing provided 


vall slabs 


Common complaint of owners ot this ty pe ol 


O60 pst COM pressive stress in 


tendency ol 
Though the 


(unprestressed) — structure is 


shrinkage cracks to de velop 


cracks are harmless and superficial, the 


owner often views the engineer’s assurances 


with scepticism. The prestressing, however, 


will 


cracks 


eliminated cracks, and 


the later 


curing prevent 


With 


building inspection de 


formation. of such 


prestressing, the city 
partment permitted wall steel to be reduced 
16 in. to #8 at 16 1n., 


from #5 at saving 3150 


Ib of steel on the job 


Salvaging old pavements by resurfacing 


Bullet No. 47, Highway Research Board 
i) pp SO.00 


1952 


Discusses methods of resuriacing deterio 


rating pavements with portland cement con 


crete and with bituminous materials and 


ZIVes examples ol methods and 


The 


conside rations 


x 1 ou 
resuriacing 


procedures bulletin ilso discusses the 


basic involved in resurlacing 


and outlines a method of ipproach to the 


formulation ol a rehabilit ition program It 


contains two appendices, one defining bitu 


minous pavements ace ording to federal classi 


fication and the other listing definitions of 


terms used in pavement-condition surveys 


Most unusual pier 


Penez, Construct ethod nd Kquipment 
quij 


Henry ‘I 
V.3 No. 8, Aug 


iewed by M. W. Jac 
Hudson 


Consists ol three 


KSON 
Construction of Pier 57 on 
New York City, 
large watertight 


buoy anecy 


river, 
desc ribed 
boxes 


concrete whose 


will support YO percent ol pier’s 
dead weight 


loud 


stringers 19 It 


Main deck design for 600 ps 


live made up of S148 prest resse 1 con 
welded 


with such 


crete long Pre rein 


forcing steel for boxes issemblies 
weighing up to 30 tons, were placed as a unit 
For the 


crew 


precast prestressed stringers a 15- 


man turned out 48 per & hr Five 


different. types of stringers were used, but. all 


with same section; they were 12 in 


cross 
deep, top and bottom flanges 14 and 18 in 


wide, and web It in. thick Concrete for 


8.6-bag early 


stringers Was 
strength, 4800 psi in 


28 days. Fre 


mix, ol high 
3 days and 6000 psi in 
Vssinet cones were Use 


Wires 
160,000 psi for working stress of 135,000 psi 


1 for pre 


stressing tensioned — initially to 
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Method of testing concrete 
British Standard No, 1881, 195% 


Sea;r le 
The 


taking 


standard gives full instructions for 


samples of materials and of mixes 
and for making test cubes and specimens 
both in the field 
The procedures lor slump, 


compacting factor, density of fresh concrete, 


and in the laboratory 


determining 
COMpressive that of 
drilled cores), flexural strength, modulus of 


strength (including 


elasticity (electrodynamic method), drying 
shrinkage, and moisture movement 
Details of the data re- 


quired from each test and a standard method 


are de- 
seribed., 


ol keeping records are included. 


Seattle highway viaduct and vehicular subway 
Raton W. Finke, The Engineering Journal (Montreal 
36, No. 1, Jan. 1953, pp. 14-18, 21 


Reviewed by Aron L. Mirsky 


General description of the 2.43 mile long 
Alaskan Way The 


major part of the project involves 4 double- 


viaduct and subway. 


deck viaduct, designed as a series of three- 


span rigid frames, which posed some inter- 
esting problems in structural design: wide 
column spacing to clear the lower roadway, 
span lengths up to 86 ft, Zone II earthquake 
loading, and pedestrian crossings passing 
The latter 
handled by placing the junction of two rigid 


units at the 


through the structure. were 


Irame crossing, with the end 


columns on either side, forming in effect a 
wide opening in a split column bridged with 


cantilevered slabs. 


Prestressed beams using concrete block de- 
veloped by the H. E. P. C. 
Roads and Engineering Construction (Canada), V. 90 
No. 10, Oct. 1952, pp. 112-113, 145-148 


Reviewed by M. W. Jackson 


building, 123 ft x 202 ft, 
Hydro-Electric 
Ontario. 


\ garage 
constructed by the 


wis 
Power 
Commission of toof consisted of 
Bailey 


carrying prestressed concrete joists at 24- 


steel root trusses 16 ft on centers 
in. centers and supporting light. wood deck. 
Only 6 tons of steel were required for the 
1200 joists, as compared with an estimated 
35 tons of steel for conventional precast slabs 
the trusses. 


block 
contained 


to be carried by The joists were 


fabricated from 26 each, of I-shape 


section, which grooves in the 


bottom flange for prestressing cables. 


AMERICAN CONCRETE 


INSTITUTE April 1953 


Construction of eight prestressed concrete tanks 
A. Raymonn Mats, Structural E Landos 
\ 1. N 1, Ju 1953, pp. 1-S 

Reviewed by M. W JACKSON 


Might tanks 33 ft deep, 50 ft inside diam- 


I 
eter, were required to be 


impervious to a 
liquid of 1.03 sp. gr. under all conditions of 
As constructed, walls 
with the The floor 


system ol pre- 


loading and weather. 


were monolithic floor 


contained a rectangular 
and the 
both horizontal and vertical cables.  ¢ ral 
details 


stressing cables, walls contained 


design and method of construction 


are dese ribed. 


New prestressed concrete ties of the German 

State railroad (Die neven Spannbeton- 

schwellen der Deutschen Bundesbahn) 

H. Merer, Beton- u serlir \ 16 

No. S and 4, 1951 pp. 174-180 and 202-207 
Reviewed by Rupouru Fiscut 


SMahibetonbau 


More than half 
erete ties have been used on 


a million prestressed con- 
main lines of 


the German State railroad with satisfying 


results. This paper gives an extended report 
of the structural, dynamic and loading con- 
ditions, test results, and production details 
of railroad ties built by the Karig system. 
This method allows post-tensioning after six 
weeks, thus increasing the loading capacity 


of the ties 


Hangars at London airport design of large 
span prestressed concrete beams 

A. J. Hares, Structural Engine Londo \ 

No. 10, Oet, 1952, pp. 226-245 


Reviewed by M. W. Jackson 


Deseribes design and construction of two 
The total length 
of the building is 900 ft, with each hangar 
110 x ISO tt 
certain general requirements but 
at liberty to 


rows of five hangars each 


The contractors were to satisfy 
were left 


choose their own) structural 


material and form Both steel and reinforced 


concrete were considered, but prestressed 


conerete chosen. Primary beams in the 


building were 150-ft clear spans, prestressed 


concrete, Cast in dia- 
110-{t 
spans, prestressed, and were cast. in 
about 7 ft The 


beams were of hollow box section, 14 ft deep, 


place with precast 


phragms. Secondary beams were 


clear 


segments long. primary 


5.25 ft wide, with 4 in. side walls, 8 in. top and 


5.56 in. bottom; precast diaphragms were 


spaced 15 ft on center. 


Stress 


illustrated, and de- 


flection measurements on main beam given. 


calculations 





CURRENT REVIEW 


Recent concrete bridges in western Europe 


R. BE. Wausn, The Surveyor (Londor V. itl, No. 3150 
July 19, 1952, pp. 451-452 
Reviewed by M. W. Jackson 
built in Great Britain; 


Kew bridges now 


never before such nf slump, because ol policy 
of placing such projects at bottom of list of 
This 


policy has been in effect for 13 years and is 


schemes involving capital expenditures. 


likely to continue indefinitely. 


France is country par excellence in bridge 


building, since rapid rebuilding has been 


necessary to Maintain communications after 
war destruction. Types of bridges built in 


France and other western European coun- 


tries examined with possible future applica- 
Creat Probably biggest 
multispan girder 


tion to sritain. 


future construction will be 
bridges with span lengths 40 to 80 ft 


Where to use fly ash in portland cement and 
bituminous concrete 

Winuiam L, Cuttcore, American City, Oct. 1952, p. 9S 
ARBA Tecennican INPORMATION Digest 


Describes the placing of an air-entrained 


portland cement concrete pavement test 


section, with and without the use of fly ash. 
Cylinder tests showed that the fly ash con- 
crete was stronger by about 600 Ib at the end 
of 360 days than the plain concrete. In 
summary, the advantages of fly ash are 


greater strength with less cement, greater 


and less 
Its dis- 
advantages for highway paving are less dur- 


permeability, low water ratio 


effervescence on concrete surfaces 


ability and resistance to weathering, both of 


which are accomplished by air entrainment 


On the theory of permanent deformation and 
of rupture (in French) 
Cu. Maurer, Travaux (Paris), V. 36, No. 216 and 217 
pp 187-400, 532-538 

Reviewed by M. W 


JACKSON 


Beginning with principles of elasticity, 
Kuler’s angles (utilized in astronomy), and 
Mohr’s circle for 


theories of 


three dimensions, various 


deformation and rupture are 
that 


the theories are impertect, and that Mohr’s 


rigorously compared. Conclusions are 


contribution to the resolution of this problem 
The 


stimulate the 


most 
this 


remains the important. author 


hopes that article will 
interest of young engineers who will find an 
field of both 


theoretical and practical aspects. 


immense study, from the 


Tests of properties of fresh concrete 
SVEN CG. Brernastrom Vv Cor ele Rese fa) 
Lonedor No. 11, Oet. 1952, pp. 55-452 

VuTHon’s SUMMARY 


\ deseription is given of a deformability 


meter lor studying the properties ol fresh 
concrete which has been developed at the 
Swedish Cement and Concrete Research 


Institute. | xamples demonstrate the effects 
produced by varving mixes and by the ad- 
afford 
information on the tendency to segregation 
and the This 


information permits certain qualitative fore 


mixture of resins The test results 


workability of the conerete 


casts regarding the properties of hardened 


concrete 


Influence of Poisson's ratio on the moment values 

of uniformly loaded square plates (Ueber den 

Einfluss der Querdehnungszah! auf die Mo- 

mentenwerte querbelasteter Quadratplatten) 

I Czeuny, Odcesterreich he Bauzeitschrift Vienna 

V. 7, No. 9, Sept. 1952, pp. 150-1538 
Reviewed by Rupourn Fiscut 


Plates 


different values of Poisson’s ratio were studied 


with different edge conditions and 


and compared with the values obtained as 
approximations for 
The 
solutions 
Nadai, Ix 
that by 


the ratio equal to zero 


exact solutions are compared with 


found in literature (Timoshenko, 


Sever, and others) It is shown 
neglecting Poisson's ratio, the value 
for the moment at the middle of the edge of 
a uniformly loaded plate with all four edges 
Clamped may be 23 percent smaller than the 


exact value 


Perforated joints in construction of mass con- 
crete (in French) 


ANDRE Lerenvert Trava No. 200 


115-120 
Reviewed by M. W 


JACKSON 

In the construction of mass concrete struc- 
tures in successive horizontal lifts, cracking 
\ device 
perforated 


due to shrinkage may be serious 


is described for cutting joints, 
consisting of a series of holes, in green con 
crete one day old. The perlorate d joint pro- 


vides a weakened plane to control cracking. 


In dam construction it is contemplated that 


the joint would be connected by horizontal 
pipes for subsequent grouting 

A test thick, 
and about 19 ft deep was constructed in five 
lifts. Three 
perforated joints equally spaced were placed 


The 


section 105 ft long, 12 ft 


(This was a wall of a wharf.) 


transversely. spacing of perforations 





764 JOURNAL OF THE 
The 


lifts were placed about ten days apart. An 


was varied in the joints in each Jift. 


elaborate series of tests was made using Cast 
test specimens and by dynamic measurement 
Ob- 
servations of the shrinkage of the mass and 


of vibrations on the structure in place 


cracking of the joints were reported. It 
was concluded that a spacing of 2-in. diam- 
perforations at 8 in 
those tested 


eter was the best of 


Mathematical-physical investigation of the 
subsidence of freshly placed concrete (in 
Japanese) 


Yasuicnt Yosuipa, Transaction 
Civil Engineers, No. 14 


Japan Society of 
Sept. 1952, pp. 6-14 
AUTHOR'S SUMMARY 


The 


freshly 


subsidence or volume change ol 


placed concrete is treated mathe- 
matically, based on physical considerations. 


The this 
establish a general 


object of investigation was to 


mathematical-physical 
theory governing the phenomenon of volume 
change resulting from settlement of concrete 
materials or water freshly 


alm in placed 


concrete. Theoretically speaking, the phe- 
nomenon of subsidence of concrete is so com- 
plicated that it is impossible to establish a 


definite theory, although an approximate 


analysis is possible. 


Field testing of concrete (Betong kontroll pa 
byggeplassen) 
Sven THAULOWw, 
1952, pp. 187-215 


Betong (Stockholm), V. 37, No. 3, 


Reviewed by Eivinp Hognestap 


New test equipment has been developed 
on the basis of research and field experience, 
which is particularly suitable for field control 
of concrete and aggregates. The most im- 
portant new piece of equipment is a “con- 
crete tester” consisting of a 10-liter container 
with an inside graduation and a slump cone, 
both cast of a tempered aluminum alloy. 
With the aid of this 


vield, and air content of 


tester, workability, 
concrete may be 
determined in a single operation On the 
basis of measured quantities, it is also possible 
to determine the water-cement ratio even if 
water added to the concrete 
The 


cylinder 


the amount of 

deseribes a 
giving 
cylinder ends without any need of capping. 


is unknown paper also 


new type of form plane 


A 100-ton portable cylinder testing machine 


weighing about 190 lb is also a promising 


new piece of field equipment. 


AMERICAN CONCRETE 


INSTITUTE 


p 140 
Avpril 1953 


How you can design and build your own pre- 
stressed bridge 
M. Couttros, Pui Wor Vo SS 
pp. 70-71 
Reviewed by M 

The 
scribes 
Oakland county, 
t1-{t 
traffic Janes and two 3-ft 


title is somewhat misleading.  De- 
John R 
Bridge consists of 
12-tt 


Struc- 


construction ol 
Mich. 


H-15 loading, Lwo 


bridge in 
three spans, 
sidewalks 
ture is composed of 24 parallel prestressed 
lateral 
The beams were made of 
block (5000-psi concrete), each 24 in. 
by 16 in. wide and 8&8 in. thick, cast specially 
A total of 4500 block were re- 
quired, costing 90 cents each. The 
were fabricated on the job and lifted into 
Details of 


I-beams placed side by side with 


prestressing also. 


deep 


for the job. 


beams 


place by motor crane. how to 


“build your own” bridge are lacking 


Computation of beams on elastic support by 
the method of initial parameters (Die Berech- 
nung des Balkens auf elastischer Bettung nach 
dem Verfahren der anfaenglichen Parameter) 


W. Swipa, Beton- u Berlin), \ i), 
No. 9 and 10, 1951, pp. 208-210 and 232-237 


237 
Reviewed by 


Siahibeton! 
Rupoveuw Frsecut 
The author simplifies the complex theory 


of a beam on elastic foundation with con- 
centrated loads by introducing values noted 


as “initial parameters.” Assuming a hinge 
at a certain section of the beam with a unit 
moment acting on it, the continuity of the 
rotations is interrupted but the 
of the still 


latter condition, the force P 


continuity 


deflections exists From. the 
acting at the 
and P are 


they are 


hinge can be computed. M l 
called the 
used to develop the influence line for the 
Three 


moments and 


initial parameters, and 

section where the hinge was assumed 
tables with influence lines for 
different 
different elastic conditions are 


shear forces at sections and for 


given 


‘ix-building rayon plant rises rapidly 
Rie 


ntractors and Enginee Monthly, V. 49, No. 11, No 
102-103 


1952, pp 


Reviewed by M. W 


JACKSON 


Mobile, Ala ’ 
Wall construction in 


Construction of plant near 


described two parts, 


lower section being precast concrete units, 


upper part corrugated asbestos siding; 61 


precast wall panels used, all 5 ft high but in 
15 different lengths. Edge forms for pre- 
casting the panels on a section of the floor 


slab were spiked to wood plugs set in the 





drill 
could — be 


columns were cast on the 


floor with a star Inserts to hold bolt 


so that slabs fastened to steel 
underside of the 
he ld In 
casting by nailing to wood plugs set in floor 


slab. 
sheared 


slabs Inserts were during 


pl ie 


Forms were stripped after nails were 
bond 


action between adjacent 


and broken by slight jacking 


panels 


Influencing horizontal thrust of prestressed rein- 
forced concrete frames and arch bridges by 
special arrangement and shaping of the anchor 
cables (Beeinflussung der Horizontalschuebe 
vorgespannter Stahlbeton-Rahmen und Bogen- 
bruecken durch besondere Anordnung und 
Formgebung der Spannanker) 

R. Scuwarz, Betor Stahlhet 


No. 12, 1951, pp 


Berlir V. Ae 
278-281 
teviewed by Rupoveu Fiscut 


Costs of foundations for large frame or 


arch bridges on plane sites mii be reduced 
considerably by anchoring the 
cables to the bridge itself 
Thus a reduction of the 
load can be 


stressing without inducing flexure 


prestressing 
instead ol to thre 


abutments thrust 


due to dead ichieved 1 pre 


Kxamples show use ol the technique on 


symmetrical frame bridges with and without 


cantilevers, with straight and curved trame 


axis, and with oblique supports of the canti 


levers Compar itive estimates tor different 


types of bridges showed subst intial savings 


Compared with conventional bridge types, 


material requirements were 40 to 73 percent 


for concrete foundation, 55 to 65 percent for 


concrete superstructure, and 60 to O6 percent 


lor reintorcing steel 


Application of Maclaurin series to the analysis 
of beams in bending 
M Herenyi, Jour fb j Institute, \ 


) OV 1952 pp wWU-4S0 


y Reviewed by M. W. Jacxso: 


In beam-analysis theor v, the slope, bend 


ing moment, shearing force, load, and othe: 


quantities are Tunctlons of a derivative of 7 


with respect wo Z£ { sng the Miaclaurin’s 


from elementary caleulus, the values 


of these 


serles 


derivatives may be substituted to 
give a direct solution of beam problems The 
method is adapted to cases of discontinuities 
and Is also readily applicable to the solution 
of indeterminate beams and for beams ot 
This is 


tool for the mathematical kit of the structural 
Perhaps the 


varying eross section mother useful 


engineer method is applicable 


to frames also, but if so it is in the realm ot 


unsolved problems 


Safety of prestressed concrete 
| ' | \ i, > 


wyregie 


It is simple factors of safety 


for steel by itsell " for conerete used as a 


material by itselt is not so easy for pre 


stressed eonerete hec Luse oO the 


ol steel, i type 


interaction 


usually without definite 


elastic limit, and concrete which even under 


The a 


sarety lor pre 


no load carries an initial stress 


termination ol t taetor ol 


stressed conerete 1s ipproached in a rational 


manner, considering conditions for rupture 


ol the conerete, crm king ol thre conerete, @X- 


ve deformation of the reinforcement, and 
other 


and 


proposed for dete rmining the proper lactor 


influence of these and 


| 
I 


combined 


factors Several formulas are derived 


Prefabricated concrete in residential and 
industrial buildings (Monterbare betonele- 
menter saerlig med henblik pa bolig- og 
industribyggeri) 
R. A. Ga / 


} 


industrial 


The vie is 


methods of ma 


pressed that 
production may lead to 


reduced costs and increased production in 


the construction industry 


The paper describes the of prefabri 


cation in reinforced concrete structures with 


residential and = in 


The full 


lnbrication mia bye 


particular relerenes to 


dustrial building idvantages of 


pre realized only by 


construction methods from 


consice ring the 


the early stag f planning and design, as 


structural hould be in aceord with 


ind erection proce dures Advant ives 


mentions d brie fly 


ol prestressed members are 


\ brief description of fabrication and erection 


methods is given Applic itions ol the 


methods sare illustrated b three examples, 


in industrial building im Copenhagen and 


two residential buildings 


Three arch bridge carries freeway over deep 
arroyo 


R I) 


' 
; 


Construction and design details of new 
Pasadena, Calif 


bndge vanies trom 03 to 171 ft 


Colorado 
Width of the 


duc fo on and ott 


street bridge 


ramps One approach is 


moa 2ZO000-ft radius curve extending into one 
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of the principal arch Spans. The entire 
bridge is on a one percent grade. 
The bridge spans a normally-dry 
1500 ft wide and 170 ft deep. 
length is 1364 ft with the three main open 
230, 319 and 230 ft, 
The deck is cantilevered out 
from the exterior girder 9 to 141% ft; AASHO 


percent to 


arroyo 


Total bridge 


spandrel arch Spans 
respectively. 


) 
5 


design stresses were reduced 2 
reduce deck cracking due to the cantilevered 
section. Other deck panels used standard 
working stresses. 

About 3000 tons of reinforcing steel will be 
required. Forms for the three arch spans are 


supported by structural steel towers and 


beams. In several cases 55 ft high pours 
were made in one lift; two pours, 77 and 8&8 ft 


high, were broken by a construction joint. 


On a fatigue test of prestressed concrete beams 
(in Japanese) 
SHunst INomara, Journal of the Japan Society of Civil 
Engineers, V. 37, No. 10, Oct. 1952, pp 143-449 
\UTHOR'’Ss SUMMARY 
Fatigue tests on 24 prestressed concrete 
beams with pre-tensioned wires prove that 
when the resultant stress at the bottom 
fiber due to full working load does not exceed 
35 kg per sq em: (1) freedom from cracks 
is guaranteed, and (2) the factor of safety 
against failure due to fatigue is greater than 
1.25. Ratio of the failure load in fatigue 
tests to that in static tests is 44 to 48 percent. 
It. is also shown that if wire of less than 
3-mm diameter is used with concrete having 
& minimum compressive strength of 450 
kg per sq em, sufficient bond is secured and 
sufficient resistance to 


there is slipping 


under dy namie load. 


Ice pressure against dams: Studies of the 
effects of temperature variations 


Berti, Lorquist, Separate No. 160, V 
ASCE, Dee. 1952, 12 pp., $0.50 


78, Proceedings, 
AuTHOR’s SUMMARY 

This paper describes an investigation that 
was undertaken by the Swedish State Power 
Board. 


arrangement installed in a freezing chamber, 


In the experiments, made with an 


a pressure of 20 tons per m (13,400 Ib per 
lin ft) was obtained with ice 60 em (23.62 in.) 
thick. This 
however, owing to the presence of certain 
additional effects 
From calculations made on the buckling of 


result is somewhat unreliable, 


during the experiment. 
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ih ice sheet, i probable maxim ice pres- 
sure of from 30 tons per m to 40 tons per m 
(20,000 Ib per lin ft to 27,000 Ib per lin ft) 
is found. It would seem that an ice pressure 


of similar magnitude may also be set up 
under certain unfavorable local conditions in 
consequence ol variations in the water level, 
with an ice sheet having a limited expanse 
10 m (65 ft to 130 ft). As 


pressure resulting from vari- 


of from 20 m to 
a rule the ice 
ations in the water level will be less, but it 
may occur in many places with appreciably 
greater frequency than ice pressure resulting 
from extreme temperature variations 


Ice pressure against dams: Some investigations 
in Canada 


4. D. House 
ASCE, Dee 


No. 161, V 78, Proceeding 


SO.50 


Separate 
1952, 4 pp 
AUTHOR'S SUMMARY 
Experimental apparatus lor determining 
ice pressure on dams has been developed in 
the course of research on the subject by the 
Hydro-Klectric 
Ontario, Canada 


Power Commission of 
This paper describes the 
methods of investigation adopted by the 
Commission, and details the field installations 


used in recording ice pressures. 


Ice pressure against dams: Experimental 
investigations by the Bureau of Reclamation 
G. FE. Monrore, Separate No. 162, V. 78, Proceedings, 
ASCE, Dee. 1952, 13 pp., $0.50 
AUTHOR'S SUMMARY 
The pressures produced by the thermal 
expansion of thick ice sheets are considered 
by the Bureau of Reclamation in the designs 
of some dams and accessory structures. The 
USBR conducted experimental investigations 
1946 to 1951. These 


investigations included field studies at several 


of ice pressure from 
reservoirs in the mountains of Colorado and 
This 


the more important findings of 


laboratory studies. paper summarizes 
these field 


and laboratory investigations. 


Prestressed concrete today 

J. J. Crosner and Cepric Sratwer, Progre 

irchitecture, V. 34, No. 2, Feb. 1953, pp. 123-128 
Reviewed by M. W. Jackson 


7 


Review of many prestressed structures of 


various types, including a six-story and a 


four-story building erected) in) Germany. 
Special descriptions of the Leonhardt system 
ol looped cables and Lee-MeCall (Stressteel) 
Architectural 


are discussed. 


system of bars. engineering 


considerations 
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Tests concerning creep and shrinkage losses 
in prestressed concrete (in French) 

Guy Dawancer, Publication International 

Bridge and Structural Engineering, \ 

264-280 


Reviewed by M. W. Jackson 


The variation in strength of prestressed 
concrete construction is due to creep ot the 
steel, shrinkage of the concrete, and plastic 
flow of the 


concrete. Apparatus was de- 


scribed to allow and to measure the simul- 


taneous creep of steel and concrete in pre- 
stressed laboratory specimens. 

In a series of tests, steel with a tensile 
strength of 210 ksi was used, and concrete 
5700. psi 


Prestressing was 


with a compressive strength of 
(for a 2-in. cube specimen). 
applied at the end of 7 days, and the pre- 
stressing losses were 30 percent 7 days after 
Where the concrete 


set for two to three months before prestress- 


the load was applied. 


ing, the subsequent loss was about 15 per- 
cent; for one year, it was about 


These 


duced by 


10 percent 


losses however possibly be re- 


may 


using special materials, and by 


maintenance, tightening the wires after the 


initial prestressing loads ure applied. 


Rubber in building concrete floors and beams 
F. Evan Jones, Rubber Developments, V. 5, No. 3, 
1952, pp. Sd-S4 

\HSTRACTS 
Jan. 1953 


Hignuway Researcu 


\ recent development is the use of extract- 
able rubber cores in reinforced concrete con- 
These 

They pneumatic, in 
are deflated at 


struction cores will withstand = re- 


peated use, may be 
which case they the time of 
withdrawal, or of solid rectangular sections 


cables, 


resulting ducts receive post-st ressing 


which may be either in straight lines 


or curved with the shape of concrete shell 


roots or other features 
The pneumatic tubes may also be used to 
and aus any 


this 


form ducts in cement screeds, 


size bore can be made, from 34 to 5 in 


method is also useful for forming wire-runs 


and cable ducts. Precast concrete floor slabs 


have been made for some vears by methods 


involving the use of rubber cores 


Is there a real steel shortage? 
Architectural Forum, V. 97, Ne 
115 


Reviewed by M. W 


JACKSON 


teviews steel’s supply and trends 


1929. 


since 


Suilding industry not defenseless 


against structural steel costs Conerete 


steel’s customers harder and 


“bidding” for 


nore successfully than ever before aided 


by new technologies such as prestressing, 
and 
Chal- 


lenge offered to concrete designers: notable 


continuous design, stronger mixes, 


forms so smooth plaster not needed 
example of kind ot building concrete not 
likely 
has become a big 


1929 (when 


to take over, one-story factory which 


user ot structural steel 


since a large percentage ot tac- 
tories were multistory and built of reinforced 
concrete) “Two big reasons have made the 


one-story factory almost a captive of struc- 
tural steel. (1) The steel does not have to be 
fireproofed; (2) factories today are designed 
for long spans for which truss construction, 
economical for one-story factories but out of 


the question for tall buildings, makes it 


possible to design lor economical lst ol 
steel.” 


Why 


stressed beams compete with steel trusses for 


\ question not raised by the artich 


can't long-span prefabricate | pre 


one-story factories? 


Michigan to lead in study of isotopes for 
highway tests 

Michigan Road 1 Constru V. 49, No 
Sept Ll, 1952 p. 6 

ABSTRACTS 
Ne 152 


Higuway Reskarcn 


First efforts to study the possibility ol 


using radioisotopes in connection with routine 
testing procedures on highway work will be 


made in the Michigan State Highway De 


partment’s Testing and Research Laboratory 


Some of the items to be studied by Isotopn 


techniques will include characteristics of 


concrete, durabilities of traffic-marking paints 
soil as a foundation material for road surfaces 


and bridges, bituminous substances used in 


flexible type pavements, corrosion ol struc 


tural steel, causes of conerete and aggregate 


surface failures, ekidding resistance ind 


methods for ice control 


Reinforced concrete factory near Harwich 
The Engineer (London), V. 194, No. 5051, Nov. 14 
1952, pp. 647-648 

Reviewed by Anon I \Itusky 


Structure is noteworthy for two items. (1 


The site is underlain by sloping Clav; the 


problem thus posed was neatly solved by 
constructing the large molasses storage tanks 
required by the process as the substructures 
of the building units. (2) The three 


story 
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100 x 30-ft laboratory and office block 


prestressed precast “Shishkoff” units in floors 


Uses 
and roof. These units are formed as follows 
thickness is 
placed on a sheet of Kraft paper, which is 


Cement mortar of specified 
then rolled over two pairs of folding wedges 


When 


cured, three of these units are placed end to 


to form a 41-in. loug hollow beam. 
well- 
tamped dry concrete placed over the units 
with the aid of 


end, reinforcing bars inserted, and 


side forms. The beams so 
formed are then placed In position in the 


structure, two-wire prestressing cables in- 
serted, and 2-in. concrete topping placed. 
Wires are 


set. tesults of tests on beams and panels 


tensioned when the topping has 


are given. 


Description and analysis of impact tests made 
on reinforced concrete bridges under diesel 
and steam locomotives 


AREA Bulletin, V. 54, No. 503 
243-412 


Sept.-Oct. 1952, pp 


Reviewed by M. W. Jackson 


teport of AREA Committee on Impact 


and Bridge Stresses Four bridges 


tested 


various types of locomotives. 


were 
under 686 locomotive test runs with 
Stresses were 
determined at various points using strain 
gages and oscillograph readings. The struc- 
tures were three different reinforced concrete 
pile trestles with spans of about 19 ft and a 
four-span continuous reinforeed concrete 
bridge with end spans of 33 ft and center 
spans of 38 ft. Data secured was analyzed 


to determine static stresses, maximum 
stresses, impact effects, lateral forces, and 
longitudinal forces. Details shown in 134 
charts and figures. 

Among the conclusions, the concrete and 
reinforcing act partially as a composite sec- 
tion with concrete carrying part of the tensile 
stresses. Full interaction between concrete 
and steel does not exist, since concrete tensile 
strains varied from 40 to 90 percent of steel 
tensile strains. Stresses in tensile reinforcing 
bars were only about 20 percent of those 


AREA 
The recorded values of 


calculated for the same loading by 
design specifications. 


static stresses in steel substantially lower 


than calculated were in substantial agree- 
Richart in 
laboratory conditions under comparable loads 
(ACI JournaL, Oct. and Nov. 1948, pp. 97- 


128 and 237-260). 


ment with those recorded by 
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Random notes on jacking 
Hlowarp Fk 


1952, p. 3 


Peckwortu, Concrete Pipe Ne 


ARBA 


INFORMATION DIGEst 


Nov. 1952 


PecuNnical 


The jacking process for the installation of 
concrete pipe is being used successfully for 
sizes from 4 to 108 in. Type of soil has much 
to do with the maximum and minimum size 
capable of being jacked in any given location. 
In small sizes a hose is used to flush out the 
If the soil is such that it 
be dug out by 


excavation. must 


hand, the pipe should be 
larger than 36 in. The limit on the larger 
size is the length of the line because of skin 
friction. 

The author stresses the need for prelimi- 
nary borings, all-weather preparations so the 
operation can be continuous, and timbers and 
than 


preference for the hydraulic type such as 


jacks larger deemed with 


necessary, 


used in subway and tunnel work and by the 
U. S. Navy. 


Operating problems of the sand and gravel 
industry 
Circular No. 52, 
1952, 35 pp. 


National Sand and Gravel Assn., 


Prospecting for gravel and sand 
Fayetre J. Croup 

Describes the application of a simple well 
boring rig for the economical exploration of 
potential sources of sand and gravel. 


Exploring gravel deposits by resistivity methods 


Orro 8S. CONRADES 


Description of the successful use of a 
newly developed method for estimating the 
extent and depth of aggregate deposits by 
means of electrical resistance measurements. 
Construction and operation of a 1000-ton per hour gravel 
plant 
R. K. Humpurties 

Describes the problems encountered in the 
planning and construction of a completely 
new, large capacity sand and gravel plant. 
Types of equipment, operational procedures, 
and processing methods are covered. 
Classifying sand to maintain optimum percentage of fines 
FE. A. GoopMan, Jr 
The problem of retaining sufficient. fines in 


sand to meet concrete aggregate specifications 


is one that is encountered by many producers 
that 
his operations, in- 


The author describes one solution to 
problem applicable to 
volving the reclamation of fines from wash 


water in a cyclone type separator. 
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Calculation of silo pressure (in Hungarian) 


L. Garay, 
¥. 3, mk FZ, 


Melyemtestudomanyi Szemle 
July 1951, pp. 386-393 
[UNGARIAN TECHNICAI 


Budapest), 
ABSTRACTS 


It has been established on the basis of 
measurements that the increase of the bottom 
pressure of silos is not in direct proportion 
with the height since a part of the weight of 
the stored material is thrust to the walls by 
the side pressure, thus, the bottom does not 
the entire weight. Janssen, 
Lufft, and Déor 
formulas and measurements for calculating 
Jiaky 


method in which the computation ol 


have to bear 


Koenen, have worked out 


silo pressure Professor elaborated a 
new 
silo pressure is broken down into two parts 
and the problem examined in a plane instead 
of along a single line. In principle, the prob- 
lem of silo pressure may be considered solved 
and dimensions determined if accurate par- 
ticulars of the loads are known. The walls of 
must be carefully 
and the 


must be 


partitioned — silos more 
determination of the 


With 


area silos the situation is just the 


dimensioned 


side pressure exact. large- 
reverse 
since the foundation 


raust rest directly on 


the load-bearing soil. 


Load capacity of roads affected by frost 


Bulletin No. 54, Highway Research Board, 1952, 21 pp 


This is the fourth 
being done by various states on this research 


report covering work 
project; previous reports were made in 1948, 
1949, and 1950. 
to determine the percentage loss of strength 
that 
freezing and thawing action. Reports sub- 
mitted by the states of Iowa, North Dakota, 
Ohio, and Oregon are included in this bulletin. 

Both the North Dakota and the lowa proj- 


ects continue to show 


Objective of the project. is 


may oceur in highways subjected to 


loss in strength due 


to frost action. The Ohio test was made on 
a road of sufficient design strength to support 
the test load throughout the year \ full 
eycle of one year of tests has not been com- 


pleted on the Oregon project. 


Construction of concrete pavements (Betong- 
belaggningars utforande, lamplig maskinut- 
rustning och storlek pa arbetsobjecten) 

lr. Wusksrrom, Beton-Teknik (C 


No. 2 and 


openhagen \ Is 
$, 1952, pp. 65-90 and 103-123 

Reviewed by Eivinp Hoonesrap 
The introduction of this gives a 


brief review of the developments in concrete 


paper 
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highway construction with particular refer- 
Mix 


and 


ence to concrete technology design 


and the testing of concrete conerete 


aggregates are discussed, and types of mix 
ing plants suitable for various sizes of jobs 
are considered. Subgrade, formwork, and 
casting procedures are studied, and the first 
part of the paper concludes with a discussion 
of joints 

The second part ol the paper starts with 
a disc ussion of concrete mixers ind machinery 
used for plac ing the concrete The consist- 


ency of the concrete is discussed at some 


length, the author reaching the conclusion 


that a consistency between the “soupy” 


American concretes and the very dry Euro 
pean ones is probably desirable. The author 


attaches great importance to the various 
methods ol curing concrete pavements The 
paper concludes with a review of plant 


capacities and labor forces required for 


pavement construction 


The traverse method (Die Traversen-Methode) 


Ratew W. Srewartand Apo.en KLeintocen, Wilheln 
Ernst and Sohn, Berlin, 1952, 108 pp., 17.50 DM 
Reviewed by M. W. Jackson 
The traverse method introduced by Stewart 
in 1936 (Transactions, ASCE, V. 101) oe« upies 
the same general field in structural analysis 
as does moment distribution and slope de- 
flection. It utilizes a traverse of the tangents 
to the elastic curve of the deflected structure 
The 
method was amplified by Stewart in subse 
quent publications ASCE, 
1939, 1945, 1949, and “The Traverse Method 


in Stress 


and is a rigorous geometrical treatment 
(Transactions, 
Analysis,” mimeographed, 9] pp., 
published by the author, Los Angeles, 1948) 
Kleinlogel has taken the work of Stewart 
and has produced uu complete new revision 
Many 
examples were retained from the previous 
book put 


transcribed for the German engineer 


with modifications and clarifying 
explanations, and hew ¢ xdmples were added. 

The that the 
presentation is a great improvement over the 


reviewer believes German 


original. The book is much better organized 
and more clearly presented than the original 
english version. If the German work could 


now be retranslated into the english language 


and published In as excellent. a form, perhaps 


the traverse method would then enjoy a 


wider popularity and use than it now does and 
which it deserves 
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Notes on use of slags in cement making 
PLENGER, Silicates Industry, V. 17 
Transactions, British Ceramic Society, 
Abstract No. 2400, Sept. 1952 
Hicguway Reseancn ApsTRACcTs 
Jan. 1953 


G. Barra and R 
No. 11, 1952 
V. 51, No.9 


Hydraulie properties of slags and current 
methods of testing slags for use in cement 
Attack on 


cements by aggressive media is divided into 


manufacture are reviewed briefly 


destruction by dissolution and by expansive 


action, and results are given for tests in 
which portland cement and a special cement 
slag were subjected to distilled water, hard 
a concentrated solution of CaSO,, a 
WgSO,, and sea 


This showed that slag is the more 


water, 


20-g per liter solution of 
witer. 
resistant to dissolution, but is attacked fairly 
sulfate solution. 
Tests with the WgSO, solution showed that 


although slag cement expanded considerably, 


rapidly by concentrated 


it did not do so to the same extent as portland 
cement. In sea water, the same cement did 
not expand at all, and this is taken as an indi- 
cation that the action of plain sulfated water 
is not the same as that of water simultaneously 
chlorinated and sulfated, and that it is there- 
fore incorrect to test resistance to sea water 
by immersion in sulfate solutions 


Standard designs for simple highway bridges 

of small span (Regelformen fuer einfache 

Strassenbruecken kleiner Stuetzweiten) 

Witnerm Tiscuer, Der Bauingenieur (Berlin), V. 27 

No. 7, July 1952, pp. 225-264 
Reviewed by 


Anon L. Mirsky 


The last war resulted in the damaging or 


destruction of numerous bridges, most of 


them of short span. This study, amounting 
to a concise treatise on design of short-span 
(approximately 25 to 100 ft long) bridges, 
was prepared in an attempt to simplify 
Recent 


as Homberg’s on distribution of wheel 


matters and reduce costs. studies 
such 
loads, and recent developments such as pre- 
stressing, are reflected; composite construc- 


full. The 
before the 


tion is of course utilized to the 


paper was, however, prepared 


appearance of certain new German design 


codes in 1950. Included are discussions of the 
basis of selection of the bridge types chosen, 
construction details recommended, railing 
and drain details, as well as numerous design 
tables and charts 

There is plenty of material here for Ameri- 
can and other bridge engineers to ponder and 


perhaps use. 
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Experimental road work in Hampshire—pre- 
stressed carriageway construction 
London), V. 111, No. 3164, Oct. 25 


The Surveyor 
pp 677-678 


1952 
Reviewed by M. W. Jackso» 


Construction methods described and re- 


sults reported of an experimental length of 
prestressed concrete roadway pavement at 
St. Leonards. Three 400-ft bays for an over- 
all length of 1200 ft placed with two 12-ft 
widths separated by 
in. thick slab 
cast steel toothed 


construction joint, 6 
Kach bay was separated by a 
expansion joint (such as 
might be used ordinarily in bridge construc- 
tion). Object of the 


establish a sound construction technique and 


experiment was to 


to compare costs of prestressed concrete 
with the more usual methods of road construc- 
tion. A different 


applied in each bay, using Freyssinet cables 


construction method was 
and cones. 

To position the cables in the slab, each 
15-ft 
pipe, supported on 
precast saddle-shaped blocks. As 


cable was drawn through a length ot 


1.5-in. diameter water 
conerete 
was spread and compacted, the pipe was em- 


bedded. 


few feet, 


The pipe was then slid forward a 
leaving the embedded and posi- 
tioned cable behind, and the operation con- 
tinued. 

Riding qualities of this prestressed pave- 
ment were unfortunately not good, but this 
defect was attributed to difficulties in laying 
under the conditions that existed. 


Comparison of design methods for airfield 


pavements 
Separate No. 163; \ 78, Proceedir 
1952, 37 pp., $0.50 


ASC] Dec 
AUTHOR'S SUMMARY 


Progress report of the Committee on Cor- 
relation of Runway Design Procedures of the 
Air Transport Division of ASCE. 

\ completely method for the 


design of airport pavements has not 


rational 
been 


developed. The 'methods in use (1952) are 


either entirely empirical or at best only 


partly rational. Therefore, the reliability of 


any method is dependent Upon experrence 


or upon experimental verification. Any one 
of the methods requires considerable judg- 
ment on the part of the engineer who applies 
it. 
The 
briefly and to compare the methods used in 
the United States The ob- 


committee has tried to  deseribse 


and Canada 
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jective was not to pass judgment on the 
individual methods but to give the practicing 
him in 


engineer the background needed by 


making his own choice These methods are 
Aeronautics Ad- 


method, (2) 


as follows: (1) the Civil 
(CAA) 
of Engineers (United States Department of 
Ratio 
Department ol 


ministration the Corps 
the Army) or California 
(CBR) method, (3) the 
Transport 


Bearing 


(Dominion of Canada) method, 
(4) the United Department of the 
Navy (Bureau of Yards and Docks) method, 
and (5) the 
design of rigid pavements 

Methods 2, 3, 


for the design of flexible pavements (bitu- 


States 


Westergaard method for the 


and 4 are used exclusively 
minous); the Westergaard method is used 
for rigid pavements (portland eement con- 
and the CAA 
flexible or 


crete); method is used for 


either rigid pavements. The 
CAA method is empirical and utilizes soil 
tests; the CBR 
the Canadian method are also empirical, and 


utilize the CBR test and a plate loading test, 


Classification method and 


respectively, to evaluate the supporting ca- 
The Navy method 
and the Westergaurd method are based partly 


pacity of the subgrade 


on theory and partly on experience, and 


utilize plate bearing tests 


Crystallographic research on the hydration of 
portland cement—A first report on investi- 
gations in progress 

J. D. Berna, J. W. Jerrery and H. F. W 
Vagazine of Concret Research 
Oct. 1952, pp. 49-54 


TAYLOR 
London), No. 11 
AuTHORS’ SUMMARY 
fesults of investigations carried out at 
Birkbeck College since 1948 are deseribed. 

The 
tricalcium silicate (C,S) 
built 


(a) Anhydrous cement compounds 
crystal structure of 
The erystal is 
and O 


determined 
(Si104)*, 


has been 
from Cat ons; CO- 
the Ca ions by 
In alite, the 


cement, some Si is replaced by 


ordination of oxvgen 1s un- 


symmetrical form present in 


1/, and Mg 


ions are present in otherwise vacant. sites 


Possible relationships between structure and 


cementing properties are discussed 


(b) Hydration products. At room temper- 


ature, action of water on CS ean yield, 


under appropriate conditions, either of two 


compounds, calcium silicate hydrates (1) 


(IT). 


are closely 


and These differ in composition but 
The first 


a sandlime block, 


related in structure 


has been detected in and 


one of them, probably the second, is present 
in set CaS Direct 


hvdrated compounds in set cement has so) 


pastes detection of the 
far been hindered by experimental difficulties, 
but it is probable that one or other of these 
substances is Hydrothermal — re 
the CaO0-SiO.-H,O system 
studied; it Is that 


present. 
actions in have 
been probable 
100 © 


products 


steam 
vield 
different 
from those formed at room temperature, but 
that at 180 C, basically different compounds 
may be produced 


euring of cement at does not 


silicate hydration very 


hvdrate (I has a 
which 


Calcium. silicate laver 


structure, in entry or removal of 


water molecules, due to change Sin temper 


humidity alters the inter-layver 
The 
gated in one direction, giving rise to a fibrous 


These 


cementing power of the 


ature and or 


spacing layers themselves are elon 


structure facts may explain the 


substance, and may 
nlso account tor the volume ( h inges obse rve | 


In set cement 


Determination of stress in reinforced concrete 
arches (Ueber die Spannungsermittlung in 
Stahlbetongewoelben) 


GUENTHER Branpes, Der Bauingenieur 
No. 7, July 1952, pp. 265-268 
Reviewed by Aron I 


serlir V. 27 
Mirsky 

Concrete arches, both plain and reinforced, 
are usually analyzed by adding algebraically 
to thrust 


determined for maximum fiber stresses in the 


the stresses duc and moment as 


concrete, Autbor points out this is incorrect 


in the case of reinforced concrete arches, 
since it is the maximum compressive stress in 
the concrete and the maximum tensile stress 


points out that, for exact analysis the influence 


in the steel which are important 
lines to be used for evaluating live load stresses 
must be drawn for four distinet points in each 
section: for positive moment, (1) centroid of 
reinforcement in the lower 


tension portion, 


and (2) center of pressure of upper (com 
blo k 


moment, (3) 


pression ) and relmntorcement; lor 


negative centroid of tension 
reinforcement in the upper portion, and (4) 
center of lower 


block 
Author proposes use of influencs 


pressure ol (compression ) 


and reinforcement 
lines for 
(b) the 


and with only 


(a) upper and lower kern points or 


centroidal axis; or, better vet, 
slightly more labor, use of influence lines as 
in (a) but with and for compatible loading 


conditions 
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Electric strain gage field analysis of a foun- 


dation structure 
iC 


Stress 


ASCHERMAN, Proceeding 
Analysis, V. 9 


r Exper 


NO 


APPLII 


Describes strain measurements made under 
the 


surface of 5-ft diameter, water-filled concrete 


severe tropical conditions along miner 


encased steel cylinders (caissons) which were 


driven approximately 140 ft below water 


level and formed a rigid frame with the super 
The 


problems as (a) waterproofing of SR-4 strain 


structure investigations involved such 
gages under appreciable static pressure head 
and (b) eliminating effect of capacity of lead 
in wire pair on sensitivit of port ible strain 
indicator 

was successfully achieved 


Waterproofing 
by surrounding gages, cemented to the inner 


steel evlinder surface, by a 4-in. OD, '5-in 
thick, ! 
These 
inner 
the gage, 


waterproofing wax 


in. high synthetic rubber ring 


rings were firmly cemented to the 


steel forming a dam around 


filled 


surlace, 


and then with petrosenc 


Novel concrete tester 
South Municival Ma 


1952 


(fricar 


Hicguway Resear 


For the quick and efficient testing of con 
the field, a ernst 


Schmidt, recently developed a novel instru- 


crete in Swiss engineer, 
ment which provides a measure of the com 
pressive strength by recording the rebound 
of a spring propelled hammer off the conerete 
surlace 

hammer 


The concrete test operates on 8 


simple principle. A lightweight steel hammer, 


free to travel in a tubular frame, is drawn 
against spring tension by means of a trigger. 
The the 
against the concrete, and trigger is 
the fully 


allowing the fully-extended spring to 


base of frame is pressed firmly 


the re- 


leased when hammer is drawn, 


drive 
Che re- 


the hammer against the concrete 


bound of the hammer is indicated by a smal! 
sliding pointer on a scale, and the amount of 
rebound shown is a measure of the compres 


sive strength of the conerete as determined 


by the hardness at the point tested Before 
the test the 


which made should be 


hammer is used, surtiace on 


tests are to be pre 


pared over a 4-in. area by stoning flat wit! 


carborundum. Six to ten rebound readings 
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the hammer at 


the selected area and a mean rebound number 


should be taken with test 
thus determined 

It is claimed that compressive strength can 
be estimated to within 15 or 20 percent by 
readings, taking about 


test 


Six to ten rebound 


one minute. The concrete hammer is 


not intended in any a substitute or 


sense 48 
test eylinders It 
the 


in the actual structure and 


for control 


to 


re pl wement 


can be used check uniformity of 
concrete quality 
is also useful in determining the rate at which 
concrete reaches a required strength on the 


job 


Prestressed construction placed on competitive 

basis independent of patents 

( Dore. Road and Engineering Constr 

Canada V. 90, No. 8, Aug. 1952, pp. 114-120 
Reviewed by M. W 


JACKSON 
\ firm consultants made 


in objective 


management 


ol 


survey of the prestressed in- 


dustry and its needs. One of its findings was 
that consulting engineers hesitated to apply 
prin iples of prestressing because of laby rinth 
the 


making it inaccessible to public use. 


of patents surrounding industry and 
Con- 
tractors did not feel they should be asked to 
assume the risks on a fixed-price bid until 
the danger of patent infringement could be 
removed and specialized subcontractors were 
available to handle the prestressing elements 
of the job 

The Preload Co., 


study, 


of this market 
They 
unrestricted 


in view 


adopted uh new policy will act 


as consultants with their own 
system of prestressing as a control with which 
Fees 

They 


Engi- 


propnetary systems must compete. 
ASCE 


acting as consultants to Corps ol 


are 


fixed by recommended scale. 
are 
neers for prestressed bridge across Garrison 
dam spillway in North Dakota; in their de- 
sign they will show details of several alterna- 
tive systems of prestressing other than their 
own. The army can then seek competitive 
bids from general contractors with the assur- 
that proprietors ol 
(such as Magnel, Freyssinet, 


Leonhardt, Lee-MecCall, 


have to compete with one on which there is 


ance patented systems 


Roebling, 


Hoyer, ete.) will 


no rovalty or other restriction, an advantage 


which no client previously has enjoyed on a 


prestressed concrete structure. The article 


not make it clear whether other con- 


does 
sultants can likewise use the Preload system 


without cost or fee 
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Title No. 49-54 


Thin-Shell Precast Concrete—an Economical 
Framing System™ 


By ARSHAM AMIRIKIANT 


SYNOPSIS 


The framing arrangement generally referred to as “thin-shell precast 
concrete” has been the subject of many inquiries from engineers and builders 
Some of the questions indicate that the svstem is not as vet fully understood 
or properly distinguished from conventional precast concrete. Others, who 
contemplate the utilization of this new method of construction, express some 
concern regarding certain phases of the novel technique. Still others want to 
know more about the actual applications and the experiences and OpInlons 
of the users The following introductory notes, together with five papers 
arranged in the form of a symposium, are presented to furnish timely infor- 
mation on this type of construction 


HISTORY OF DEVELOPMENT 


Thin-shell precast concrete may be defined as a type of reinforced concrete 
framing composed of prefabricated members of relatively thin sections. 
The designation “thin-shell’” is used to distinguish it from conventional 
precast concrete and also to emphasize the unusual slenderness of the com- 
ponent elements and, more particularly, the thinness of the skin slab or 
shell which constitutes a major part of the cross section of each member. 
The shell slab may conform to either plane or curved surfaces, and its thick- 
ness may be as little as '5 in. 


Initial concept of the system 

Thin-shell precast concrete framing is a comparatively new development. 
The basic idea of the technique was conceived during the closing stages of 
World War II, with the objective to make more effective use of reinforced 
concrete in the war effort. 

The particular use envisioned was as a substitute material for steel in 
the construction of certain types of floating structures. It is true, cargo 
ships of reinforced concrete were built and operated by the U. 8. Maritime 
Commission during both world wars. In addition, since 1943 the Navy's 
Bureau of Yards and Docks has designed and built a number of floating dry 
docks and floating caisson gates for graving docks utilizing framings of rein- 
forced concrete. These structures, while having proved to be structurally 

*An elaboration of the chairman's remarks at the session on thin-shell precast concrete, ACI 49th annual 
convention, Boston, Mass., Feb. 18, 1953. Title No. 49-54 is a part of copyrighted JouRNAL oF THE AMERICAN 
Concrete Instrrure, V. 24, No. 9, May 1953, Proceedings V. 49. Separate prints are available at 35 cents each 
Discussion (copies in triplicate) should reach the Institute not later than Sept. 1, 1953. Address 18263 W. Me Nichols 
Rd., Detroit 19, Mich 


tMember American Concrete Institute, Chief Designing Engineer, Bureau of Yards and Docks, Department 
of the Navy, Washington, D ; 
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adequate and. sufficiently watertight under varying conditions of service, 
have been lacking, however, in one important requirement essential for their 
type. This pertains to their efficiency. Owing to their heavy weights, their 
payloads, as measured by their cargo carrying or lifting capacities, have been 
much smaller than those of comparable steel craft. To improve this condition, 
many design studies were made and experimental investigations conducted 
to devise a new system of framing which would materially reduce the weight 
of conventionally cast concrete craft. 

These efforts eventually led to the development of the thin-shell precast 
concrete framing technique. Briefly, the new method makes it possible to 
cast structural framing elements of such cross-sectional proportions and 
outline which cannot be obtained in conventionally cast-in-place concrete 
construction. This is achieved primarily through ideal conditions of casting 
and quality control and by elimination of many difficulties and limitations 
present in ordinary concrete work. 

First applications 

The thin-shell technique was first utilized in the fall of 1944 in the con- 
struction of a landing eraft* for three 50-ton tanks. Shortly thereafter, a 
work barge of 250-ton load capacity was built of similar framing. These 
vessels were built as an experiment to demonstrate the feasibility of the 
technique, to test the adequacy of the framing, and to observe their sea and 


service characteristics. The main framing arrangement consisted of a pre- 


east cellular assembly, with walls of 34-in. minimum thickness. Although 
the results of this experiment were entirely satisfactory, the culmination of 
the development occurred at a time when the war was being brought to a 
successful conclusion. For this reason, no further use of the system was 
made toward the original objective of military applications. 

Ilowever, the advantages of the new method of construction were so 
successfully demonstrated that adaptation of the technique to the framings 
of shore structures became the next logical step of the development. The 
new objective was attained in another original design of the Bureau of Yards 
and Docks when the now well-known Mechanicsburg, Pa., warehousest 
were designed and constructed by this method in 1946.) This project marks the 
first application of the technique of thin-shell precast concrete construction 
to the framing of a building. 


PRESENT STATUS 


Acceptance and utilization of the thin-shell precast concrete technique 
in the building industry have been somewhat slower than hoped for. Some 
of the apparent hesitaney on the part of engineers may be due to a natural 
reaction against adoption of a new system. Another adverse factor has been 
the lack of sufficient information regarding the method and its applications. 
Unlike proprictary systems, the thin-shell technique has received no pro- 


*MacLeay, | R iin Wall Concrete Ship Construction ACT Journns 
fAmirikian, A recast Concrete Storehouses ACT Journnan, June 1947, P 
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motional publicity to advance its utilization. As vet, only a few engineers 
and architects have made even a partial use of such framing arrangements 
in their work 


At the present time, the Navy is the principal proponent of thin-shell 
precast concrete construction. [extensive use is being made of the system 
in the current program of shore structures. The buildings cover a variety 
of types, including warehouses, magazines, quarters, barracks, hangars, and 
shelters. In most cases, the entire framing is composed of precast members, 
while in others, the precasting is confined to roof and wall panels only. A 
number of the designs, which are prepared either in the Bureau of Yards 
and Docks or by private engineering services under the Bureau's technical 
direction, have been standardized to facilitate their future use. In some 
of the early projects, the choice of precast framing was obtained on the basis 
of competitive bids with conventional types of construction. The present 
policy is to indicate precast framing as an optional arrangement, leaving the 
choice of type to the contractor's selection 


The volume of work in thin-shell concrete framing now under construction 
represents impressive evidence that the technique has finally gained the 
momentum needed for its desired utilization. The number of contractors 
participating in the various phases of fabrication and erection of the framings 
is continually increasing. It is expected that this will, in turn, widen the 
range of applications of the technique 


SOME QUERIES 


There have been a number of questions asked regarding the merit) and 


the possibilities of utilization of the new system of framing. These questions 


come from engineers, architects, and builders who are not quite sold on the 
new technique and who need more elaborating data to make up their minds 
In this respect, the information contained in the five papers in this month’s 
JOURNAL will unquestionably be of great help. The presented findings are 
based on actual experience and express the builders’ own unbiased opinions 


The following is a brief review of some of the important queries 


1. Is thin-shell precast concrete framing an economical system? 

At least the Navy experience has Clearly demonstrated that it is an eco- 
nomical framing system. Savings of differing margin in the cost of con- 
struction and large reductions in the amount or weight of framing material 
have been consistently realized. In connection with the latter item, it should 
be noted that the dead weight of a thin-shell system would be less than one- 
half of that of a comparable concrete framing built by the conventional 
east-in-place technique. That these savings in weight, constituting also 
reductions in the dead weight passing through the framing down to the 
foundations, are directly reflected in the cost of construction needs little 
elaboration 
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2. Can the framing be economically fabricated in the factory? 

Thin-shell precast concrete construction is essentially a job-site operation. 
The rather large over-all dimensions and the weights of the members render 
their fabrication more profitable and convenient at a facility set near the 
ussembly place. However, it has been shown that, in some cases, framing 
members nearly 30 ft long and weighing more than 4 tons can be cast in a 
special factory and trucked to the erection site at distances over 100 miles 
and yet retain the economy of the undertaking. The complete details of a 
casting project handled in this manner are given in C. D. Wailes’ paper.* 


3. Can precast framing be utilized at locations far removed from cities? 

Any location suitable for conventional concrete construction is also suit- 
able for precast work. Facilities needed for precasting may consist of rather 
simple arrangements which can be set up almost any place. Special means 
for handling and erection can be devised for a given framing, or the design 
of castings modified to suit available equipment. The use of the technique 
has been found to be profitable even in the California desert, as described 


in one paper.t 


4. Can thin-shell precast framing be combined with conventional concrete work? 

Precast members are adaptable for use in various arrangements of framing 
The case of the frequently utilized thin-shell ribbed panel is a good example 
These versatile elements are being used in a number of projects as roof, 
floor, and wall paneling in conjunction with supporting frames of cast-in- 
place concrete or structural steel 


5. Is previous experience in the technique necessary for successful first applications? 
Kxperience is helpful, but not necessarily essential for a first undertaking 
in this type of construction. The more important requirements are an open 
mind, ingenuity, and resourcefulness on the part of the contractor. In one 
large projectt the low bidder, who had no prior experience in the technique, 


favored the precast framing over that of competing conventional design with 


a sizable differential in his bid price. He has now successfully completed 


the job and states that the obtained results have confirmed his belief in the 
merit of the new framing system. 


6. Are there reliable cost figures? 

The true potential of thin-shell precast concrete has not vet been gaged 
For one thing, the contractors have been naturally reluctant to give such 
information. Furthermore, the cost of production may vary rather widely 
from one place to another, in accordance with the project, the local conditions, 
and the volume of work. However, some idea may be had from the cost of 
ribbed thin-shell panels used in roof framings. For an average size job, 
covering an area from 200,000 to 500,000 sq ft, these panels cost from 80 

*Wailes, ¢ Ir., “Factory Production and Field Installation of Thin Ribbed Precast Panels,” ACT Journ at 
May 1953, p. 7! 


tT waits, Ford J und Denn, Martin M Fabrication and Erection of Preeast Enelosur 
Story Barracks ACT Jounnan, May 1953, p. 825 


tProck, Benton H Careful Planning a Necessity in Building with Precast Concrete 
1953, p. S33 
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cents to S120 per sq {ft erected in place. In large jobs, exceeding 1,000,000 
sq ft, such as the project described in Charles C. Zollman’s paper,* a quoted 
price of less than 60 cents per sq ft has been obtained 

7. Have the production procedures been standardized? 


Construction methods are subject to frequent changes and modifications 


for needed improvements. This is particularly true for a new technique such 


as thin-shell precast concrete. Except for certain phases of production, no 
standard procedures for casting, assembly, and erection have been established, 
A wide choice of details and alternatives is open to the contractor. Even 
an accepted detail, such as a casting mold, may be altered from one job to 
another. Until recently, all fabricators utilized concrete molds as a standard 
device for casting. This method was, however, abandoned by one California 
contractor who devised his own mold consisting of plywood forms covered 
with plastic lining. t 


8. Is the design of precast concrete framings a difficult task? 

No special difficulties are involved in the design of thin-shell precast con- 
crete framings. The analysis is essentially the same as that used in designing 
continuous or rigid-frame structures. 


FUTURE PROSPECTS 


Present conditions indicate that there will be a wider range of utilization 
of thin-shell precast concrete in the framings of future projects. Owing to 
the creation of a more competitive construction market, a greater number of 
builders now show an active interest in the new technique. The favorable 
experience obtained by those who have used the system has been a major 
factor in overcoming some of the bias and opposition 

The attitude of engineers and architects has also changed somewhat in 
re-appraising the merit of thin-shell precast concrete framing. It is most 
encouraging to observe that some of them now, on their own initiative, in- 
corporate the system in their designs However, so far, their applications 
have been confined to the relatively simple arrangement of floor and = roof 
assemblies of thin-shell rib panels 

Certain restrictions imposed by public building codes still remain as obsta- 
cles in the path of progress of thin-shell construction. It is hoped to initiate 
the needed changes through an ACT code applicable to this type of construetion 
The committee’s work on this proposed code is now nearing completion 

All in all, the outlook appears to be good; and it may not be too optimistic 
to predict a bright future for thin-shell precast: concrete 

*Zollman, Charles C., “Four Million Square Feet of Thin-Shell Rib Panels for 
May 1953, p. S09 


+Montgomery, M. R., and Atkinson, T. G Phin-Shell Rib Panels Site Fabr 
JouRNAL, May 1953, p. 781 
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Thin-Shell Rib Panels Site Fabricated in 
Plastic Molds* 


SYNOPSIS 


Kquipment, methods, and materials used in the eld easting of thin-shell 
precast panels are described The contractor’s basie problem is outlined: 


] 


experimental operations resulting in final method are touched briefly, together 


with fairly complete des ription ol the methods used While primarily con 
cerned with casting of units, certain erection problems are so related with 
the casting that thev are briefly brought in The effect on casting economy is 
also very closely related to architectural and engineering design. Therefor 
recommendations and conclusions are included which it: is) believed 


INCTCUSE the offic lene ind economy ol pres ist panel construction 


INTRODUCTION 
The plans for the Miramar NAS hangar building were developed after 


extensive comparative studies of various framing methods, the basic design 
being in conformance with the general scheme for precast Traming developed 
by the Navy’s Bureau of Yards and Docks. The final design was intended 
to be usable throughout the United States, subject to changes for foundation 
and other local conditions which might affect the design at any particular 
location. The first of this series of prototype hangars designed for the United 
States Navy by Kistner, Curtis and Wright, Los Angeles, was constructed 
under contract by Gunther and Shirley Co., and Trepte Construction Co. 
The job involved the casting and placing of a relatively large number of thin- 
shell high rib roof and floor panels at a considerable distance from commercial 


precasting yards 
CONSTRUCTION 


The precast panels used at Miramar are designed for a modular spacing 
between supporting bents of 24 ft. Typical panels are 24 ft long and 4 ft wide. 
Kach panel unit may be considered a thin slab cast integrally with longi- 
tudinal side beams or joists (Fig. 1 Small transverse rib beams are also 
incorporated at ends and at intermediate points 4 ft apart. The slab is 114 
in. thick for roof panels and I's in. thick for floor panels, vend is reinforced 
with 2 x 2-10/10 welded wire mesh. Other than the difference in slab thicek- 

*Presented at the ACT 49th annual convention, Boston, Mass., February 18, 19 
of copyrighted JOURNAL OF 1 ONCKETE Is 1 re, V. 24 vo. YO, May 19 
Separate prints are ava 0) cent I Discussion (copies in triplicate 
later than Sept. 1, 1953 MeNichols Rd., Detroit 19, Mict 

tMember Americar or ete Institute *roject \ ge! epte ¢ 


tLieutenant Con der ; ssistant I lent Officer co} we 
Calif 
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Fig. 1—Typical floor panel 


ness, there is no dimensional variation between roof and floor panels. Longi- 
tudinal side joists are 10 in. deep and 314 in. wide at the bottom with a taper 
to 5!9-in. width at the slab soffit. Beam width is increased slightly at the 


ends for additional shear resistance. There being only positive bending 


moment in the side beams, a single large bar is provided in the bottom of 
appropriate area for the loading involved. To resist erection and secondary 
stresses, however, a single #4 bar is also provided at the top of each side 
beam. ‘Transverse rib beams are typically 2 in. wide and 6 in. deep and are 
reinforced with a single #4 bar in the bottom. 


Panels and supporting girders are joined by welding %4-in. insert plates 
in the panels to insert angles cast in the girders. The insert plates in the 
panels are welded to the bottom bars in the side beams prior to casting of the 
panels. After erection and welding in place, the space between panels is 
filled with grout. The continuous groove on the side of each joist when filled 
with grout provides an effective shear key to transmit loads between panels. 


DESIGN 


No unusual concepts are involved in the design of these panels. The 
thin slabs assume the imposed loading by two-way slab action, spanning 
between cross ribs in one direction and between side joists in the other. 
Tensile forces in the slab are resisted by the wire mesh reinforcing. Cross 
ribs and side joists are both designed as simple beams. Floor live load is 
assumed to be 75 psf. Allowable stresses are those conventionally used 
under the ACI Building Code for 4900-psi concrete. All reinforcing bars have 
deformations conforming to ASTM Designation A305, thus permitting 
the higher shear and bond stresses allowable with such bars. No stirrups 
are found to be necessary. 


A structural diaphragm for lateral load resistance is achieved by trans- 


mitting loads between panels through the metal plates connecting each side 
joist to the supporting frame. 
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DEVELOPMENT OF PLASTIC MOLDS 


The precasting method must permit rapid production (at least one casting 
per day per mold), which on a deep draw casting with such a thin section, 
meant release from the forms with an absolute minimum of strain on the 
casting. Since the formed face of the casting is exposed in its final position, 
it must present a clean cut uniform appearance without further work, and the 
cost of production must be within the estimate 

A study of the bibliography on the subject and experience in concrete work 
of various kinds led to experimental work on numerous types of molds 
Concrete molds had been used quite successfully in conjunction with vacuum 
mats for removing castings.* This method is currently in use in this area; 
however, the cost of installation and royalties for its use, plus the nonport- 
ability of the forms did not appear advantageous for a temporary job site 
casting vard., 

The time-honored plaster mold was tried, but despite the advances in 
modern casting plasters, cost, weight, and lack of resistance to chipping 
and breakage made these molds rather expensive. Plywood molds proved 
to be unsatisfactory for various reasons-—primarily because they were difficult 
to strip and costly to keep in repair. Metal forms based on the principle 
of pan joist construction were not satisfactory because of the unsightly ap- 
pearance caused by overlapping and leakage. Being in the heart of the air- 


craft industry, the problem of fabricating seamless metal pans was taken to 


their engineers, assuming that it would be possible to produce them by drop 


hammer or hydraulic press methods. Due to the deep draw and weight of 
metal involved, it was found that it would be a very expensive tooling operation 
for the small number involved. Furthermore, any damage to the pans or 
molds would be difficult to repair 

Walter Trepte, president ot Trepte Construction Co., had found that 
a small boat constructed entirely of glass fabric and plastic was practically 
indestructible and required no maintenance even in salt water, and sug- 
gested use of this material for molds. The problem was taken to the Glasspar 
Co., Santa Ana, Calif., where an experimental set of plastic pans were built 
These were combined with steel side forms. <A successful trial casting was 
then made using this mold. It seemed to meet all the basic requirements 
for durability, light weight for portability, and ease of repair. Other ad- 
vantages appeared as work progressed 

The basie unit of plastic pan used was approximately 4 x 4 ft, extending 
to the full width of the side ribs and to one-half width of the cross ribs (Fig 
2). Six of the units placed end to end formed the 4 x 24-ft panels. Making 
24-ft plastic molds was considered, but was discarded because the original 
wood patterns and the female plastic molds would be much more expensive; 
the actual casting and removal of the large plastic forms posed some manu- 
facturing problems; and the 4-ft units provided greater flexibility for future 

*Amirikian, A recast Concrete Storehouses,” ACI Jounn ine 1947, Py b. pp. 1097-1116 


Corbetta, L. P., ‘recast Concrete Warehouse Constructior ACT Journat Jur 947, Proc. V 3, pp 
1117-1124 
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Fig. 2—Section through plastic 
mold 


410" 
use. Some field breakage necessitating replacement of sections was also 
expected 

Wood patterns, or male molds, were constructed at the job site, sanded 
and Jaequered, then sent to the manufacturer who further processed them 
for smoothness. From this very fine-surfaced male mock-up the female 
mold of fiberglass was made. This mold was so constructed that from it 


upwards of 250 duplicate items could be made. These molds had approxi- 


mately 2 oz of Fiberglas mat per sq ft, and one layer of Fiberglas cloth. The 
center of the form was reinforced so that it could be drilled for the release 
mechanism 

The casting frame (Fig. 3) consisted basically of a timber base constructed 
to bring the working level to a convenient height. Hinged metal side forms, 
to which were welded steel projections forming longitudinal grout grooves 
and vertical grooves for hangers, completed the forms. The release mechanism 
consisted of water piping attached to the underframe, controlled hy a detach- 
able valve and pressure regulator, and connected to individual flexible bellows 
in the center of each 4-ft plastic pan 


PLACEMENT OF REINFORCEMENT AND INSERTS 


The reinforcing consisted of 2 x 2-10/10 electric welded mesh tied to 
main tension bars in the side beams, plus additional steel provided for 
erection stresses. ‘To minimize loss of time between stripping and recasting 


In the molds, an attempt Was made to completely prefabricate the rein- 


i 


Fig. 3—Casting frames and molds 

for precast panels. Light rec- 

tangles are rubber pads for bond 
breaking system 
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Fig. 4—Jig for welding connection plates to main reinforcing bars 


forcing cage. However, it was found that four reinforcing steel workers 
could place and tie the steel and preformed mesh in place as fast as forms 
could be stripped and cleaned; therefore it was not economical to handle 
the steel twice, once to the jig, and a second time to the forms. The erection 
plates were welded to the main reinforcing in a job-built jig (Fig. 4), and 
wherever possible, inserts for pipe hangers and other uses were also welded 
to the steel, thus providing for positive location, rapid installation, and 
permanent positioning during the casting operation. 

Types of inserts and methods of furnishing supports for utilities supplied 
by various trades was not studied sufficiently in the early stages. Fig. 5 
shows the type of hanger which was provided on 4-ft centers throughout the 
entire precast areas; however, full advantage Was not taken of this since all 
the mechanical subcontractors had made their layouts independently and 
had purchased their own inserts. Even then, a considerable saving was 
accomplished both in the number of inserts used and in the cost to the general 
contractor for placing of these inserts. Nevertheless, later experience during 


erection proved that there were numerous duplications, and that with very 


few exceptions the 4-ft grid would have supplied ample support for all utilities 
Thus several thousand dollars could have been saved by subcontractors as 
well as the general contractor. 
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Fig. 5—Pipe hanger provided at 
4-ft centers 
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CASTING OF PANELS 
The casting of the panels proved to be the easiest of all component oper- 
ations. Transit-mixed concrete was delivered directly to the forms, screeded 
and vibrated in a single operation, and finished with a 4-ft Darby, a long- 
handled sidewalk trowel or Fresno, and hand edger. At this point the value 


Fig. 6—Placing concrete for precast panel. Note vibrator mounted on screed 
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of the plastic form, steel side forms, and general lightweight construction 
of the molds became apparent \ high frequency vibrator attached to a 
steel screed (Fig. 6) was able to safely transmit sufficient vibration to the steel 
side forms to consolidate the entire mass rapidly, and produce a solid smooth 


casting. No patching or rubbing Was evel required in the entire operation 
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Fig. 7—Summary of results of tests to determine effect of admixtures and curing methods on 
early strength 
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Fig. 8—Summary of tests to determine effect of admixtures on early strength and to establish 

approximate age at which precast panels could be lifted. Cylinders, 6 x 12 in., were cast in 

metal molds. Ejight-sack concrete with %-in. maximum size aggregate was moist cured 24 hr, 
remainder of period at standard moisture and temperature 
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MIX DESIGN 


Mix design was studied in the early stages, particularly with regard to 


high early strength. Since the basic specification set: minimum compressive 


strength at 28 days at 4000 psi, and further specified a minimum cement 


content of 8 sacks per cu yd, there was no possibility of saving cement; there- 
fore the main interest was in obtaining 24-hr strength sufficient for the 
handling of sections. The recommended requirement was a minimum of 
S00 to 1000 psi compressive strength at 24 hr. Fig. 7 shows results com- 
piled by the San Diego Testing Laboratory for a varied series of mixes and 
curing methods. 

In actual practice seven sacks of regular and one sack of high early cement 
were used when average temperature was 70 to 80 F; six sacks of regular 
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and two sacks of high early in the 60 to 70 F range; and five sacks of regula 
and three sacks of high early in the 50 to 60 F range. Friday castings which 
stood over the weekend were cast with eight sacks of regular cement per cu 
vd. Fig. 8 shows that for the entire job eight-sack conerete under the low 
slump method used produced cylinders with strength far above the minimum 
requirements. Field) experience with castings which we knew had been 
placed much later than usual, or in which unexpected weather conditions 
had retarded the set, indicated that 500 psi compressive strength would have 
been ample for handling castings. 

High early strength cement in bulk is very little more expensive than 
common; however, very few concrete plants are designed to handle two types 
of cement. Therefore the high early cement must be handled in sacks and 
placed in the mixer by hand with a considerable increase in cost. In view 
of this high cost, the use of admixtures to obtain accelerated strength is ree- 
ommended (Fig. 8). It is further believed that cement content could be 
reduced since the ultimate strengths obtained were much in excess of the 
minimum requirement. This would have the additional advantage of re- 


ducing shrinkage cracking known to ACCOMpPAny high cement content 


STRIPPING CASTINGS FROM MOLDS 


The hydraulic release mechanism consisted of a loose 1 in rubber plate 
100 in. square (patent applied for), set in a Vein depression in the top ol each 
t-{t square plastic form covering a 4-in pipe drilled and tapped into the 
center of the form. This plate was fastened to the form by ordinary water- 


proof masking tape to prevent displacement and mortar leakage during 
) 
) 


casting (Fig. Water under 5 psi pressure was turned into the system and 
alowed to stand until the casting was completely free from the mold. The 
tongs for lifting the castings provided four-point suspension and reduced 
bending moment in the green slabs to a minimum (Fig. 9 To further pre- 
vent strain or distortion of the castings, the casting frames were anchored 
down with light wire which would break before excessive lifting strain could 
cause damage due to distortion. By using two hose connections and reducing 
valves, it was found that the next slab could be safely loosened while the 
preceding slab was being transferred to the storage pile 

A further great advantage of the elastic plastic form became apparent 
during the removal and cleaning operations. While no actual measurements 
were taken, observations indicated that the forms were being stripped from 
the casting, rather than casting from the mold. The water entering unde1 
the rubber plate at very low pressure depressed the center of the mold, allow- 
ing the water to escape into the area between the casting and the mold and 
creep to the outer edges. This continued until, in three to five minutes, 
water would start to escape along the outer edge at the bottom of the sides 
forms, and the casting was then lifted. Since two pressure units were used, 
hydraulic stripping time coincided very closely with lifting and stacking 
time. 
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Fig. 9—Device for lifting precast panels from forms 


Originally, waxing of the plastic forms was attempted; however, no wax was 
found which would not eventually saponify with the lime in the cement. 
Consequently the use of wax was discontinued and the plastic forms were 
merely wiped with a damp cloth after being blown clean with compressed 
air. Metal side forms, of course, were oiled to prevent bond with the casting 
Since the plastic molds formed exposed ceiling surfaces they were not oiled. 


After approximately 50 uses, no wear or deterioration of the plastic surfaces 


is apparent. 


LABOR FORCE 


A crew consisting of one foreman, four laborers, one carpenter, one cement 


finisher, and four ironworkers made 12 castings per day. One hour of crane 


time per day was required. The entire crew was required from 8 to 11 a.m. 
with the finisher working usually until | p.m., together with one laborer who 
cleaned up the spilled concrete and applied membrane curing. The entire 
crew then went ahead with normal job work for the remainder of the day. 


In this respect the job casting yard has a definite advantage over a central 
casting yard, where other work must be found to occupy the rest of the shift. 


DEFLECTION OF PANELS 


To compensate for dead-load deflection after the panels were placed in 


the structure, forms were assembled with a built-in camber allowance of 


5g in. and panels were stacked during the curing period with a center support 


»¥2 in. higher than the ends. Sueceeding layers were stacked on three blocks 


of equal thickness to a height of ten castings. 
were from the same mold, fresh castings carried only their own weight, and 
This had a further 


Since castings In each pile 


were progressively older as the weight on top increased. 
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advantage in that any irregularity in a casting could be immediately traced 


to an individual form Despite such precautions, dead-load deflections ex- 
ceeding the 5¢-in. allowance were commonly encountered after the panels 
were In place Of greater concern Was the wide variation in deflection between 
identical panels. 

Since the calculated dead-load deflection is only about 4 in., it seems that 
deflections due to shrinkage and plastic flow or “creep” should be seriously 
considered Assuming that an accurate prediction of deflection due to these 
two conditions can be made either by experiment or analysis, the problem 


of uniformity still exists 


Dead-load deflection 

Current theory indicates that dead-load deflection is a funetion of the 
Young's modulus, £., of the concrete. A wide variation in cylinder breaks at 
the Miramar work suggests that there was a wide variation in F,. While 
the minimum specified ultimate strength of 4000 psi at 28 days was always 
obtained, values in excess of this, up to nearly 6000 psi were noted. On the 
assumption that #. is proportional to the ultimate strength, it can thus be 
seen that a 50 percent variation in 2, could be expected. Precise control to 
hold variation in mix or water content within narrow limits appears to he 


the remedy 


Shrinkage deflection 

There being less reinforcing per unit area in the compression side of the 
panels, a tendency for increased shrinkage on the upper side is to be expected 
This, of course, produces deflection in the panel inversely proportional to 
the effectiveness of shrinkage prevention It, therefore, seems logical to not 
only provide for thorough curing, but also to assure that curing is as nearly 
identical for all panels as practicable. This means striving for uniformity 
in all operations which affect curing such as time between casting and removal 


from the forms, and temperature during curing 


Plastic flow deflection 

It is believed that strains due to plastic flow are considerable in long shallow 
members, such as the precast panels used at Miramar. The magnitude ot 
such strain can be decreased to some extent by increasing the age of the 
concrete at the time when it is subjected to stress The usual practice at 
Miramar was for the panels to be stockpiled for a considerable period prior 
to being placed in the building 3\ providing not less than three supports 
for each panel during curing and stockpiling, the panels can be aged without 
being subjected to any appreciable stress. If, however, some panels are 
placed in the structure within a few days after casting, while others are stored 
for several months prior to use, an appreciable difference in plastic flow strain 
would be likely. Since plastic flow is in some degree unpreventable, regard- 
less of the age at which stress is applied, some estimate of its amount must 


be made and the forms built to incorporate such an allowance. To prevent 
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Fig. 10—Device for lifting panels during erection 


differential deflection attributable to plastic flow, a uniform aging period prior 


to stressing is recommended. 

Curing was largely by natural means during the wettest winter of recent 
record in southern California; however, the basic system consisted of mem- 
brane curing of the top surface while in the form, and hanging of wet burlap 
curtains completely around each stack of castings during the curing period. 


ERECTION TECHNIQUE 


rection never became a properly organized sequence of operations. Lifts 
were high and overreach unusually long. As fast as supporting frames were 
ready, castings were placed in order to use them for working platforms. 
Usually they were placed in groups from 12 to 24 ata time. The basic pattern 
had six castings placed side by side between cast-in-place spandrel beams, 
giving very little tolerance for fit. While five could be placed with erection 
tongs, the sixth had to be placed on blocks, the tongs removed, and then 
lowered in place by hand. Fig. 10 shows the erection tongs and illustrates 
the locking device for safety at the extreme heights encountered on this job. 
On most jobs where sides of floors or eaves of roof are formed by precast 
sections, a pair of hooks similar to the “‘harps’ used in handling concrete 
pipe make handling easy (Fig. 11). 





THIN-SHELL PRECAST CONCRETE 





Fig. 11—Lifting cradle for precast panels 


COMMENTS AND SUGGESTIONS 


As is well known to those familiar with precast concrete, the original design 
is where economy of precasting is determined. Modules should be uniform 
throughout u geographic area (just as they are for concrete block and = con- 
crete pipe) before real economy Can he accomplished Minute SUVIngs in 
material and weight must give way to the greater savings due to mass pro- 
duction of standard units. Really successful forms are very expensive and 
must have many reuses to justify their original cost. The major planning 
agencies, such as the Bureau of Yards and Docks and the Corps of Engineers, 
can do a great deal along this line since they are the major consumers. ‘The 


individual architect-engineer can do very little at present since his work 


usually does not represent a sufficient volume to present any appreciable 


SAVINGS. 

A suggestion for future savings would be to design roof and floor panels 
such that the same form could be used for both. On this project, both the 
roof and floor castings are 10 in. deep, vet the floor panels have T!o-in. slab 
sections while the roof panels have 1'4-in. slabs. This requires two separate 
forms, whereas, had the roof castings been 934 in. deep and the floor castings 
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10 in. deep, the same forms could be used by adjusting the side forms by 
44 in. The difference in effective depth seems negligible. 

Another very serious factor affecting cost in precast work is provision for 
the various mechanical trades. Layouts are still based on cast-in-place 
concrete with the net result that every casting is an individual. This requires 


a detail layout by each trade involved, which is then combined into a complete 


detail drawing by the casting yard. Each casting must be individually 
numbered and finally placed in a certain spot in the building. Theoretically 
the operation should be planned so as to cast and stack each casting in such 
& Way as to make it possible to pick out each unit as needed and place it with 
one handling. Actually, limited storage space, changes in construction 
schedule, and human error result In a constant shuffling and reshuffling of 
the castings throughout the entire program. ‘True economy can be realized 
not only with standard size and shape of modules, but also with standard- 
ization Of all inserts and other appurtenances. The variations in methods 
of combining and attaching precast sections Is almost as great as the variations 
in sections themselves, and could also be very well reviewed and standardized 

On this project the method of attaching the precast units to the cast-in- 
place frame was primarily designed to transmit horizontal forces, and was 
excellent for that purpose. However, it required overhead welding at great 
heights and was therefore unduly expensive. It has a further disadvantage 
which theoretically should not exist, but which in practice is very evident 
Steel to steel connections, when both are cast in place, permit no local cor- 
rection for variation in elevation: whereas concrete to concrete connections 
can be corrected by a small amount of chipping when leveling of floors and 
roofs is required. 

A point which might be well borne in mind on future precast designs is to 
avoid details which require the close fitting of precast units Kon economy, 
fairly large tolerances in precast units have many advantages. 

The foregoing comment is not intended in any way as a criticism, but merely 
as the observation of the contractor who has occasion to see and study the 
plans of a great many different engineers and agencies, and of a construction 
officer who supervises the construction of buildings designed by various 
architect and engineer firms. Plans, specifications, department rules, and 
often the law itself make it next to impossible to apply the knowledge gained 
from this experience to any individual job, once the plans are completed and 
the contract awarded. 

There are savings possible in precast work, in view of the constantly in- 
creasing cost of labor and materials, adequate to justify the cost of a thorough 
study of standardization and precasting technique, far beyond the resources 
of the industrial engineer, architect, or contractor 
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Fig. 1—Steam curing panels under tarpaulins. Batching plant and storage yard in background 


Factory Production and Field Installation of 
Thin Ribbed Precast Panels* 


By C. D. WAILES, Jr.t 


SYNOPSIS 

Three hundred and fifty thousand square feet of precast panels, aggre- 
gating approximately 6700 tons, were factory produced, trucked 117 miles 
to job site, and erected to form the walls, floors, and roofs of various types of 
buildings. ight basic panels, utilizing a 4-ft module, were adapted to bar- 
racks, mess halls, warehouses, and various other occupaneles Average weight 
of about 38 psf for the 24-ft span panels was a factor in making transportation 
and production at a factory economical 


INTRODUCTION 


The work to be discussed was part of the general project at the Naval 
Air Station, Miramar, Calif., described in the preceding papert and the same 
4 x 24-ft modular precast concrete panels were specified. 


In applying panels to the roofs of building in this contract, the architects 
and engineers decided upon a typical interior span panel, one for the canti- 
lever at the ends of the buildings, one for the cantilever along the sides of the 
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later than Sept. 1, 1953. Address 18263 W. MecNichols Rd., Detroit 19, Mich 
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tMontgomery, M. R., and Atkinson, T. G rhin-Shell Rib Panels Site Fabricated in Plastic Molds,” p. 781 
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buildings, and one to form corners where side and end cantilevers meet. 
These four types of panels were repeated on all buildings to form the over- 
hang for weather protection and to give the architectural effect desired. 
Cantilever ribs are tapered to a fascia or edge member to which the sheet 
metal gravel stop and roof flashing are attached. Wall panels used on barracks 
were placed as a 4-ft high spandrel wall from the floor to the underside of a 
precast window sill set in a mortar bed on the top ribs of the wall panels. 


tecessed end ribs in all panels allowed utility lines to run across the tops 
of all beams and on the outside face of all wall columns. Heating installations 
were attached to the cross ribs of wall panels and some utility lines were 
suspended from inserts cast in the cross ribs of floor and roof panels or from 
hangers installed in the space between main ribs. 


Although the basic requirements for precast panels were the same as for 
the work described by Montgomery and Atkinson, site conditions were entirely 
different. The hangar and shop buildings were constructed adjacent to run- 
ways, and the general contractor had access to large paved areas. He decided 
the availability of such a desirable casting yard and the time schedule of his 
project would make job casting of the precast panels advantageous. On the 
remainder of the work, under a different contract, the buildings were to be 
constructed over rough ground areas, the soil consisting of a very heavy red, 
sandy clay. This material was firm when dry, but when wet or disturbed 


and later subjected to rain it became almost impossible to operate equipment 


such as trucks, forklift carriers, and truck cranes over it. 

Production schedules for this portion of the work required that construction 
start in the winter, during which time the contractor would get in foundations 
and the monolithic superstructure, and start precast panel erection in early 
spring. The bad ground conditions, combined with the fact that the build- 
ings were spread over a rather wide area, made site production undesirable. 
Kven if a plant had been set up, ground conditions prevented proper stock- 
piling without creating large areas of compacted soil suitable for the operation 
of forklift trucks and stockpiling. 

The size, shape and weight of the panels were such that truck hauling 
was advantageous. ‘Truckloads could be made up two panels wide and five 
panels high, giving approximately 960 sq ft per truck load of approximately 
19 tons. 

The precast concrete fabricating plant of the C. D. Wailes Corp. in Los 
Angeles, although 117 miles from the job site offered facilities and economies 
which appealed to the general contractor (Fig. 1). By awarding a subcontract 
to this fabricating company he concentrated the responsibility for coordinating 
the requirements of the subtrades for inserts, pipe sleeves, and openings; 
location and spacing of all anchors and attachments; quality of product; and 
stockpiling at plant until conditions were satisfactory for stockpiling at job 
site. The fabricating plant under its contract assumed full responsibility 
for preparation of working drawings, details, production of panels, trans- 
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portation, installation, welding, grouting and caulking, so that the general 
contractor could definitely fix total cost for the precast portion of the work 

Job site labor is generally more expensive than plant labor. Plant facilities 
with proper yards, cranes, steam curing equipment, and trained personnel 
can precast more efficiently and more economically than can be done at job 
site. Particularly is this true under bad weather conditions. 

Had these panels been solid instead of ribbed, and the resulting weight 
per square foot very much heavier, it might have been uneconomical to truck 
for such a distance. However, with the type of panel designed, which offered 
economy in materials and in total cost, the low unit weight made transpor- 
tation relatively inexpensive 


SHOP DRAWINGS AND SUBTRADE REQUIREMENTS 


After the general contractor established progress schedules, designating 
Which buildings were to be erected first, the fabricating plant prepared shop 
drawings of each panel and installation drawings showing arrangement. of 
panels for all floors, walls, and roofs. These were submitted through the 
general contractor back to his subcontractors, so that the electrical, plumbing, 
heating and ventilating trades could locate on these drawings the inserts, 
openings, and special provisions which they needed. These plans were then 
returned to the precast fabricator, who incorporated the information in his 
final drawings, which were then submitted for final approval. These draw- 
ings also showed the layout of anchor inserts which the general contractor 
was to set in beams and columns, to which the precast panels were to be 
welded. 

Following approval of these drawings, shop tickets were made for each 
type of panel, incorporating reinforcing layout, mesh and bar identification 
numbers, inserts, openings, and special conditions. These shop tickets were 
the basis of production in the casting shop. The coordination of subtrades 
to properly locate openings or fastenings is a major undertaking but is abso- 
lutely essential if precast floor and roof panels are to accommodate their work 
without additional expense on their part. Inserts in the cross ribs and hangers 
in the longitudinal joints generally would accommodate all of the utility lay- 


outs. In some roof structures, steel face plates were imbedded in the upper 


slab, to which structural steel assemblies were later welded. Where pipe 


sleeves were used through the 1!4- or 1!5-in. slabs, small studs were welded 
to the galvanized pipe sleeves to position and hold the sleeves rigidly. In 
general, these pipe sleeves projected about |5 in. above the top of the panel. 

Shop engineering also included preparation of schedules to produce the 
panels in the proper order needed on the job. The scheduling of loads for 
delivery to job site, so that they could be unloaded into stockpile and then 
picked off by forklift trucks to feed the erection cranes, required program- 
ming the panels so that they would come up to the erection crane in the right 
order. By carefully working this out, considerable erection time can be saved 
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PRODUCTION METHODS 


Production at the fabricating plant averaged about 2500 sq ft per day 
The molds used were of concrete, with steel side and end forms, hinged to 
swing down out of position. Molds were arranged side by side, with ade- 
quate working space around, so that stripping, cleaning, and casting oper- 
ations could proceed in an orderly sequence. The molds were set off the ground, 


so that the top of slab was approximately 2 ft 6 in. above the floor level. 


The advantages in having the molds above the floor, of course, are many. 


First, it enables an adjustment of the molds in case there is any tendency 
for them to lose their camber during production. Second, steam curing and 
steam heating can be injected under the molds and therefore maximum 
efficiency for curing can be obtained. Third, working at approximate bench 
height, labor is more efficient and concrete can be spread, vibrated, and 
finished more easily 

For the 24-ft span, a !o-in. camber was used in all molds. Reinforcing 
steel assemblies were prefabricated on jigs, with the reinforcing and = wire 
mesh tied or tack-welded together to proper shape and dimensions. Care 
must be taken in assembling and welding the reinforcing, because the toler- 
ances for placing are quite limited and the mesh must be centered in the 
1144-in. slab. There is some tendency for twisting of the main reinforcing 
steel when the end plates are welded to it, and jigging is important to assure 
proper positioning (Fig. 2). 

The forms were cleaned with fiber brushes and then blown with air each 
time before having the parting agent applied (Fig. 3). After this operation, 
the reinforcing steel and mesh is positioned. The side and end forms are 
closed, any inserts or check-outs for holes or pipe sleeves are installed, and 
casting Is begun. A transit-mix truck was batched at the batcher, only two 
minutes’ time from the casting area. After adequate mixing, the mixer 
discharged into a portable belt) conveyor. This conveyor straddled the 
form, and by gradually withdrawing the conveyor the concrete is deposited 
from one end of the mold to the other (Fig. 4). The concrete used was held 
to a slump of approximately 4 in. and after spreading was vibrated with a 


Fig. 2—Forming reinforcing cage 
in jig 
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Fig. 3—Spraying parting com- 
pound on cleaned mold. Note 
hinged side form 


high frequeney air vibrator attached to the sereed. In some cases a small, 
Internal type vibrator was used in the main ribs and around inserts, to insure 
adequate compaction and proper surfaces 

Two passes of the vibrating screed produces excellent) compaction and 
very smooth surfaces. The top Was then sereeded off to a satisfactory surface 
to receive roofing or asphalt underlayment, which was used in the barracks 
between the precast slabs and the asphalt tile flooring. Wall panels were 
given a wood float finish suitable for painting at a later date 


Immediately after casting and final screeding, a colorless curing compound 


— \ 


Fig. 4—Concrete is distributed from transit mixer to form with movable belt conveyor 
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was sprayed on the floor and roof panels, but not on wall panels which receive 
water-cement paint later. After this operation, the entire mold and slab 
were covered with tarpaulins; and after waiting for about two hours the 
steam lines were injected under the mold and steaming was started and con- 
tinued for from six to ten hours, depending upon outside temperatures (Fig. 1). 
Generally, the panels were held to a temperature of about 130 F during 
steaming. 

The panels were stripped when they were between 20 and 24 hours old by 
vacuum lifting mats attached to a portable stripping rig. This rig straddled 
the mold and carried two hoists adjustable to the proper lifting position 
(Fig. 5). The stripping rig tractor carried vacuum pumping equipment 
which supplied the mats with the necessary vacuum for stripping the panels 
Stripping by this method allows careful adjustment of stripping position and 
speed and no jarring or jerking is encountered. Also, by having two stripping 
hoists, one near each end, the panel can always be raised in a truly vertical 
position, preventing binding of the grid type panel to any part of the mold. 

As the panels were stripped and raised up, the Navy-appointed laboratory 
inspector carefully went over each panel and signified his approval for the 
panel to be stockpiled. Before any panel was removed from the mold, the 
panel number, mold number, and date of casting were marked in large letters 
on each end of the panel. The desirability of marking the mold number on 
each panel is readily recognized when it is realized that any inaccuracies of 
panels as to fit-up or defects in casting surfaces can be immediately traced 
to the exact mold from which the panel was cast. Also, by watching the 
drying of the panels in stockpile and checking the loss of camber as the slab 


dries, it is possible to detect any variation of camber in the molds and identify 
the offending one (Fig. 6). 

Stockpiling and loading of trucks was by large forklift trucks of 8- to 
9-ton capacity with the forks widened to approximately 12 ft on centers, 
to handle the panel at approximately the quarter point. This allowed the 
panel to be stockpiled on 6 x 6-in. dunnage at fifth points. This size dunnage 


Fig. 5—Vacuum lifting rig for removing panels from forms. Two vacuum mats assure vertical lift 
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Fig. 6—Modified forklift truck for 

handling 24-ft panels. 6 x 6-in. 

dunnage makes stable piles and 
reduces damage 


Fig. 7—Typical load of 4 x 24-ft 
panels 


Fig. 8—Typical load of 8 x 24-ft 
panels with cantilever 


is preferred because it remains straight, allows adequate space between the 
panels for insertion of the forks of the forklift truck without chipping the 
edges of the panel, permits hose spraying the underside of the panels during 
curing, allows for inspection, and permits proper 


air drying of the panels 
Before panels were shipped, another Navy inspection was made and the 
“Navy Anchor” stamped on the panel, signifying that it could be loaded 
onto the truck. Shipping tickets accompanied each load, and the panels 
were again Inspected at Job site at the time they were installed in the building 
Average concrete strength was 3750 psi at seven days and 5600 psi at 


Ie 
days based on laboratory cylinders cured in moist 


air and not steam cured 
An average of 814 sacks of cement per cu yd was 
with a maximum size aggregate of %¢-in. pea 


as were the panels. used, 
gravel. The average modulus 
of rupture made on 6 x 6 x 18-in. beams was 676 psi at 28 days 


TRUCK DELIVERY 


Kquipment for delivery consisted of truck tractors with 30 


to 3o-ft semi 
trailers. The 4-ft wide slabs were loaded two wide and five 


high (Fig. 7 
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Fig. 9—Roof and floor slabs in position on cast-in-place frame 


The 8-ft wide slabs were loaded one wide and four high (Fig. 8). The 8-ft 
wide panels, having approximately 4-ft tapered cantilever, required rather 
careful loading and carefully placed dunnage to make secure loads. 

The panels were loaded on the trucks by the large forklift equipment, and 
the dunnage was placed at the end for full spans. Placing the dunnage near 
the ends of the panels brought the concentrated loads more properly over the 


trailer axle and over the wheels of the tractor. It would be unwise to attempt 


to use more than two-point dunnage for loading of this character. 

Semi-trailers for this type of loading should be checked for adequacy of 
the truck framework, for the loads are concentrated and not uniformly spread 
on the truck beds. Cable type binders were used, with small angles between 
the cables and the panels at the top edge. 

Unloading at the job site was also by large forklift trucks, and in all cases 
rubber padding was vulcanized or otherwise attached to the forks to prevent 
scarring and injury to the ribs of the panels. By having the first load arrive 
at the job very early in the morning, it was possible for some of the trucks 
to make two foads per day. In a total of 783,900 ton-miles of trucking there 
were no accidents or serious trouble until the last) truckload was being 
delivered when the truck driver, to avoid a collision, was forced to leave the 
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highway and spilled the last load of panels. “Phese panels of course were 
discarded, and recasts were made and delivered so that no delay was involved 

The panels were not shipped to the job before they were seven days of age, 
at which time the average strength of the concrete was 3750 psi. As evidence 
of careful handling in loading, unloading and trucking, out of the 3000 panels, 
except for the load lost on the highway, only two recasts were necessary to 


replace panels damaged by loading, unloading, trucking, or installation 


INSTALLATION 


A truck crane, fed by the forklift trucks, was the usual installation equip- 
ment. However, there were certain areas in the subsistence building which 
were inaccessible for crane operation, and there a type ol dolly rolling on small 
steel rails was used to move the slabs across the existing slab installation 
A serew jack arrangement lowered the panels into position 

For the wide cantilever type panels, strap type handling steel was cast 
into the panel, bent around and welded to the reinforcing steel at four points 
in the main beams. After the slabs were in position, welded and grouted, 
this strap was burned off flush with the face of the concrete 


For installing 4-ft wide panels C-hooks passing under the panel allowed 


easy installation and withdrawal of the equipment. No panels were dropped 


during installation and no accidents involving injury occurred 

After the slabs in a given area were placed, any necessary hangers were 
installed in the joints and the panels adjusted to final position. They were 
then welded to the anchor inserts cast in the supporting frames. Where steel 
anchors are cast In the frames, sometimes there is considerable misalignment, 
and Navy inspection permitted the use of steel shims before welding if the 
fit-up was not satisfactory (Fig. 9 

The joints between the slabs were sealed by first inserting a !o-in. vinyl 
plastic tube or rope, wedging it into the lower part of the joint. This was 


followed by grouting with portland cement grout (Fig. 10). The grout was 


Fig. 10—Hand grouting of roof 
joints. Workman in background 
is installing vinyl caulking strip 
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Fig. 11—Ice tong device for 
lifting wall slab 


of such consistency that it could be poured into the joint and was struck 
olf about '4-in. high with a special tool. Later, after initial set had taken 
place, this high portion was scraped off to level of the roof deck. Although 
it may seem old-fashioned to use laborers and buckets for grouting, efficient 
grout pumping equipment which could be used over large areas without 
considerable maintenance and operating difficulty could not be found. Such 
equipment, if it could be satisfactorily worked out, should prove very ad- 
vantageous, for there are many miles of joints to be grouted in a project 
such as this. 


Wall panels were handled with an ice-tong arrangement, lifting them from 
the flat position on the forklift to a vertical position (Fig. 11). They were 
then raised, set, and welded to the steel insert anchors (Fig. 12). Vertical 
and horizontal joints around exterior wall panels, and where floor and roof 
panels rested on the spandrel beam, were first dry-packed with cement 
mortar to within about #4-in. of the surface, and then a mastic caulking 
applied with the usual caulking gun. 


COMMENTS AND CONCLUSIONS 


Precast panels of the type used offer maximum strength with minimum 
material, and have a definite advantage of light weight. Although the original 


forms or molds are expensive, repetitive use makes them economical. A modular 
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Fig. 12—Welding wall panel to 
column inserts 


system results in such a small number of types of panels to fit varying job 
conditions that the panels could almost become an inventory item, as far 
as the typical ones are concerned, leaving only the special panels containing 
pipe sleeves and inserts for casting to order. Factory precasting of panels 
results in less job complications and assures better quality products. Erection 
schedules can be accelerated, for the panels would all be ready when needed 
as their production would not be seriously affected by weather conditions 
Panels of this type can be handled, shipped, and erected safely with little 
likelihood of serious damage. 

Careful attention should be given to camber in the forms, and particular 
care is necessary with the different size panels to assure proper fit-up. The 
8-ft wide panels with cantilever portion along one side or one side and one 
end present a problem in curing and drying, so that they will fit properly 
with the adjoining typical 4-ft panel. Exterior fascia edges must be care- 
fully blocked during curing, so that they will remain straight. The use of 
2 x 2-12/12 mesh reinforcement would probably result in easier handling 
and no doubt would be adequate structurally. 


In using high strength concrete in thin slabs the possibility of shrinkage 


checking is well known. This, however, seems to be controllable if the top 


surface is carefully protected immediately from wind and if it is adequately 
cured. Careful stacking and use of dunnage is essential to prevent warping 
of the panels during drying. The panels should be inspected for any pro- 
truding bumps or spillage of concrete. These should be stoned off to insure 
proper alignment. As the forms become well used, sometimes dents or bulges 
occur Which will cause uneven surfaces on the sides of the ribs. The forms 
should be watched carefully for this, for it interferes with fit-up on the job 

Forms should always be made slightly undersize, as there is a tendency 
for an overrun in size, due to pressure of the concrete on the side forms and 
due to tolerances in straightness. Where precast concrete sections fit up with 
monolithic concrete previously placed it is desirable to make adequate pro- 
vision for joints; and it is suggested that a 3¢-in joint would be better than 
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14 in. Where panels fit around or adjacent to cast-in-place columns, an 
allowance of about 34 in. is necessary for field tolerances and erection 
procedure. 

Stockpiling at job site should be carefully controlled, for if stockpiles are 
on soft soil or soil which will become soft after a rain allowing dunnage to 
sink into the ground, damage to the panels may result. 


Handling of the smaller size 4-ft wide panels by mechanical means is 


satisfactory. However, larger panels can be more advantageously handled 


with vacuum lifting equipment with the vacuum pump mounted on the 
crane, as has been well demonstrated on several jobs under way at the present 
time. 

If within reasonable trucking distance, factory production of panels of 
transportable size has both structural and economic advantages. 





Title No. 49-57 


Four Million Square Feet of Thin-Shell Rib Panels 
for Roof Framing’ 


By CHARLES C. ZOLLMAN# 


SYNOPSIS 


\ detailed description of the required plant and the job planning for pro- 
ducing large numbers of identical precast concrete roof elements These 
elements were used in 17 warehouses each 200 x 1000 ft. The initial contract 
required the production of 140 panels per day with a later additional contract 
calling for 132 panels per day. 

Successive casting vard operations were release of side forms on previously 
cast panels; stripping and storing panels, cleaning molds; placing preassembled 
reinforcing cages; placing approximately 95 cu yd of concrete; vibrating, 
screeding, vacuum processing, and finishing of the conere te; curing; removal 
of spilled conerete; and washing and cleaning of vacuum mats and other 
equipment. 

So effective was the prior planning and the setting up and operation ol the 
casting vard that the only important interruptions to production were when 
the construction of cast-in-place rigid frames could not keep up to the supply 


of panels. 
INTRODUCTION 


In 1947, only six years ago, an unassuming but stimulating papert was 
presented at the 43rd annual ACI convention describing the then novel 
features of thin-shell ribbed construction. This precasting technique was 
applied in the construction of Navy precast warehouses at Mechaniesburg, Pa. 
The 240,000 sq ft at this first job was a forerunner to increasing use of this 
technique until on one current job alone over 4,000,000 sq ft of such thin-shell 
elements are being used 

Seventeen single-story warehouses 200 ft wide and 1000 ft long are under 
construction at the United States Marine Corps Depot of Supplies at Albany, 
Ga. Along both sides of each building and for their entire length, 15 ft wide 
loading platforms are protected by 17 ft 6 in. wide canopies. Fire walls 
divide each building into five 200 x 200-ft compartments 

The main structural members are cast-in-place reinforced conerete rigid 
frames spaced 18 ft 6 in. in the longitudinal direction of the building. In 
the transverse direction, columns divide the width of the building into three 
bays. Each exterior bay spans 64 ft 10 in.; the interior bay spans 70 ft 4 in. 

*Presented at the ACI 49th annual convention, Boston, Mass., February 053. Title No. 49-57 is a part 
of copyrighted JoukNAL oF THE AMERICAN Concrete INsriruTe, V. 24, No. 9, May 1953, Proceedings V. 49 
Separate prints are available at 50 cents each. Discussion (copies in triplicate i0uld reach the Institute not 
later than Sept. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Micl 

tMember American Concrete Institute, Chief Engineer, Vacuum Concrete Philadelphia, P 


tAmirikian, A Precast Concrete Storehouses,’’ ACI Journar, June 1947 7 V. 43, pp. 1097-1116 
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Longitudinal struts in each row along the top of the columns brace the rigid 


frames. Precast thin-shell ribbed concrete roof and canopy panels spanning 


18 ft 6 in. between frames complete the warehouse framing. 

Competitive lump sum bids were taken in January, 1952, and a contract 
of $10,400,000 was awarded in February, 1952, to the low bidder, a joint 
venture of the contracting firms of Grannis and Sloan, Fayetteville, N. C.; 
Thompson and Street, Charlotte, N. C.; and R. H. Wattinger, Richmond, 
Va.,* for the construction of the first increment of ten warehouses. A total 
of 26,400 thin-shell ribbed panels were required to cover the entire 2,350,000 
sq ft area of these ten warehouses. 

For the construction of the second group of seven identical warehouses, 
competitive lump sum bids were taken in October, 1952. A contract for 
$6,670,000 was awarded in November, 1952, to the low bidder, the con- 
tracting firm of Batson-Cook,t West Point, Ga. <A total of 18,480 thin-shell 
ribbed panels are required to cover the 1,655,000 sq ft area of these additional 
seven warehouses, bringing the total roof area to approximately 4,000,000 sq ft. 

For the finished warehouse area, including railroad spurs and other ap- 
purtenances, the first increment of ten reinforced conerete warehouses Was 
let for $5.20 per sq ft and the second increment of seven reinforced concrete 
warehouses, for $4.75 per sq ft. These are remarkably low costs for ware- 
houses meeting, among other specifications, rigid Bureau of Yards and Docks 
fire resistance criteria. These costs also compare well with nonfireproof 
warehouse construction. 

To increase competition for the seven warehouses, an optional precast 
joist and channel slab roof framing system were included in the contract 
drawings. Standard plant-manufactured precast joists to span I8 ft 6 in. 
were to be placed 7 ft 4/4 in. on centers on top of the rigid frames. Precast 
channel slabs approximately 2 ft x 7 ft x 4!5 in. were to complete the roof 
framing. Apparently the excessive amount of handling of many small pieces, 
the large number of joints to be grouted, the increased alignment problem, 
and the multiplicity of tedious operations rendered this design prohibitive. 
The second contractor chose to cast and erect the thin-shell ribbed panels. 
The thin-shell panel slab is stiffened by the deep edge beams and cross ribs 
and the entire rigid element has greater structural stability. The reduced 
number of joints decreases the probability and extent of cracks developing 
in the prepared roofing placed on top of the panels. 


PRECAST ROOF AND CAINOPY PANEL DESIGN 


Ribbed panels make up the entire 4,000,000 sq ft of roof and canopy deck 
Kixcept for the panels in the two end bays of the 200 x 200-ft compartments, 
the nominal over-all dimensions of the basic roof panels are 5 ft x 18 ft 6 in. 
The basic canopy panels are 7!5. in. narrower. In the end bays of each com- 
partment, the fire walls require slightly longer roof and canopy panels. Only 
these four different panels are required for the entire roof deck. 


*Referred to hereinafter as the first contractor 
(Referred to hereinafter as the second contractor 
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To allow some tolerance in casting and erection, the actual over-all di- 
mensions of the panels shown on the contract drawings were 14 in. less in 
both width and length, but these tolerances were increased to ®. In. during 
construction. 

The two edge beams of all panels are 8S in. deep and 3 in. wide at the 
bottom. These edge beams transfer the loads from the 1'4-in. thick slab and 
the five transverse ribs to the rigid frames. The three intermediate ribs are 
6 in. deep and 2 in. wide at the bottom. The two end ribs are 6 in. deep and 
3 in. wide at the bottom. To facilitate removal of panels from the molds, 
all the vertical planes of the beams and ribs have a | to 6 batter. The main 
reinforcing Consists of one #7 bar in each edge beam with 4 x 4-66 mesh 
reinforcing in the 1'4-in. slab. 

The roof panels are set on top of and connected to the rigid frame as shown 
in Fig. 1; 7e-in. diameter bolts 16 in. long are cast 5 ft on centers along the 
centerline of the rigid frames and extend 8 in. above the top surface of the 
frame After the panels are erected, steel plates are welded to the steel 
inserts cast in the four corners of the panels and the bolts are tightened 

For dead load deflections, a I o-in camber 1s provided in the panels of the 
first increment However, for the panels of the second increment no camber 
has been provided 


Mach panel required approximately 2.3 cu vd of concrete, approximately 
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Fig. 1—Typical connection detail of panel to ‘ 
rigid frame SECTION 
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100 Ib of reinforcing steel and approximately 65 lb of 4 x 4-6/6 welded wire 


mesh 


PRODUCTION OF PANELS 

Construction schedule 

To meet the construction schedule of 550 calendar days for the completion 
of the first ten warehouses, the first contractor estimated that all the 26,400 
panels had to be produced in 200 working days or in ten months at 20 working 
days per month. As such a schedule meant the production of at least 132 
panels every working day, it was decided to make provisions for a daily 
production of 140 panels 

With a construction schedule of 450 calendar days for the seven ware- 
houses, the second contractor decided to produce his 18,480 panels in 140 
working days or in about nine months, at only 16 working days per month. 
Allowance had to be made for possible bad weather conditions as the greater 
part of the panels had to be produced during winter. To meet this schedule 


132 panels had to be produced every working day 


Factors influencing location and number of forms required 

Location — Both contractors set up their own concrete batching plants at 
the job site so that panels could be produced at centrally located points 
Necessity for producing numerous identical elements economically in a 
minimum of time required use of sturdy rigid forms remaining permanently 
in a yard 

Number of molds required To determine the number ot molds required it 
Was necessary to know the minimum time required for the panel to attain 
sufficient strength for removal from the mold without damage. It was ap- 
parent to the first contractor that a minimum of concentrated handling 
stresses would permit minimum concrete strength at stripping time. It 
was also apparent to him that the former could be attained with suction 


lifting devices, as on previous jobs more or less green thin-shell ribbed con- 


crete panels had been removed from molds without damage when only 


approximately 16 hr old. One manner of placing wet concrete without 
decreasing strength and without adding cement to attain the required 4000 
psi strength at 28 days, was by use of vacuum, which, when properly applied, 
would remove some of the excess water added for good workability. The 
problem thus became economic rather than technical. It was determined 
that the use of these procedures was justified since panels with 5.4 sacks 
of regular portland cement per cu vd could be stripped every day. Molds 
could be used once every day and a casting vard of only 140 molds would 
produce all the panels required under the first contract and only 132 molds 
were required for the second eontract, 
Material, casting, and cost of molds 

Vaterial—Several considerations governed the choice of the basic material 
for the molds: (1) molds had to be rugged to withstand up to 200 re-uses; 
(2) they had to be leakproof, and sufficiently rigid to withstand deformations; 
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(3) they had to be accurate in dimensions to insure perfect alignment; (4 
they could not cause any warping of the precast panels; and (5) they had to 
require little or no maintenance. Of all the materials considered, such as 
lumber, steel or plastic, concrete appeared to meet these requirements 

Casting—TVTo minimize grinding and polishing of each individual mold 
and to insure production of identical panels from identical molds, all the 
final molds were cast from a few concrete master and intermediate molds 
made as perfect as possible. 

Master molds were formed from wooden patterns assembled in a carpentel 
shop. As all the molds were to be cast from these master molds, all contact 
surfaces had to be perfectly smooth Any rough spots were sanded or stone 
rubbed to a smooth finish. For each of four types of panel, only one wooden 
pattern was assembled and only one concrete master mold cast 

To cast the intermediate molds, wooden edge forms were bolted to the 
sides of the master molds and the concrete placed. After 24 hr, air pressure 
to break the suction between the two molds was applied through the air boxes, 
the intermediate mold stripped and turned over. For the first group the 
original plan called for the casting of a total of seven intermediate molds 
in about three days. However, to meet the planned schedule the first con- 
tractor chose to cast a total of 15 intermediates in five working days in the 
four master molds. During the month of December, 1952, and January, 
1953, the second contractor cast 13 intermediate molds in five working days 

All the 140 final molds of the first contract were cast from the intermediates 
in 19 working days or at the average rate of seven molds per day All the 
132 final molds for the second contract were cast in 14 working days from a 
second set of wooden patterns with the master and intermediate molds made 
in the same manner as the first set. In both jobs, no technical diffieultie 


were experienced nor were any molds cracked or broken 


Cost of molds—Insofar as it has been possible to determine, material and 


labor costs, expressed in terms of final molds were approximately $320 per 


mold installed in the casting yard. For a panel contact area of 128 sq ft 
the cost per sq ft ts then $2.56 However, these costs should be « xpressed 
in terms of formed panel surfaces in view of the large number of re-uses \ 
total of 18,000 sq ft of mold contact area is furnished by 140 molds. This 
area is used in forming approximately 3,380,000 sq it of panel contact area 
for first 26,400 panels The amazing low cost of forming is then only $0,013 
per sq ft of formed surface In terms of actual roof area of 2,350,000 sq it 
the cost would be $0.019 per sq ft. The cost of the edge forms and the other 
yard appurtenances must be added, but the unit cost remains substantially 
low. 


Casting and storage area 
In planning casting vards, storage areas, and appurtenances sue has water 
air, and vacuum lines careful thought had to be given to a multiplicity of 


repeated daily operations which had to be carried out successively during an 
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Fig. 2a—Cross section of 140 mold casting yard 


Fig. 2b—General view of casting yard for roof panels for ten warehouses 


S-hr period. These successive casting vard operations are (1) release of side 
forms; (2) stripping and storing of all panels cast the previous day; (3) clean- 
ing of molds; (4) placing preassembled reinforcing cages in molds; (5) placing 
approximately 95 cu yd of concrete; (6) vibrating, sereeding, finishing, and 
vacuum processing the concrete; (7) curing; (8) removal of spilled concrete; 
and (9) washing and cleaning vacuum mats and other equipment. For panels 
of the first group, the installation is shown in Fig. 2a and 2b and that for the 
second group of panels is shown in Fig. 8a and 3b 

With these arrangements a minimum of rolling equipment is required 
In placing the molds in rows of four, the use of a single “stripping” crane to 
remove 140 or 132 panels daily from the molds proved to be sufficient. This 
crane travels for six successive working days alongside mold line (1) and 
“strips” the panels for storage and air curing in area A. For the next six 
successive working days, the crane travels alongside mold line (4) and removes 
all the panels from their molds for storage and air curing in area B (Fig. 3a 

Concrete is chuted directly into the molds from two 5-cu vd ready-mixed 
conerete trucks traveling alongside mold lines (1) and = (4 Casting and 
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Fig.£3b—General view of casting yard for roof panels for seven warehouses 


storage vards are unsheltered except for a shed over the air COMpressor and 
the vacuum pump at the end of the casting yard 

Final cost figures for the complete installation of either of the casting and 
storage yards are not yet available. It is estimated, however, that including 
labor and materials for the conerete molds and. steel edge forms; air and 
vacuum lines and their appurtenances such as valves, tees, and elbows; grading 
of the entire area and the preparation of the soil-cement casting platform, 
the cost is about $100,000 for each installation This is approximately 
$0.045 per sq ft of actual roof area 


Casting and storage operations 

Release of side forms To positively prevent binding between green con- 
crete panels and side (edge) forms these forms had to be “removable.” For 
many re-uses they had to be rigid to prevent warping or distortion. Further- 
more, edge forms had to be easily and quickly released without time-con- 
suming prying. The design also had to allow the forms to be reset to true 


alignment without undue difficulty. The close tolerances required necessitated 
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Fig. 4—10-in. steel L's for removable edge 
form. Note latches and pinplates for release of Fig. 5—Removable steel edge form used for 
form panels of second increment 


a number of stiffeners to maintain proper alignment during placing and 
vibration of the concrete. 


The first contractor adopted the edge forms shown in Fig. 4 and the 
second contractor that shown schematically in Fig. 5. For both edge forms 
10-in. structural steel channels are the basic elements and are hinged to 
the concrete molds to permit approximately 30 deg rotation. This rotation 
is ample to free the panels and requires less effort in resetting. To release 
the edge forms laborers walk in front of the stripping crane and remove 
with one mallet blow the pins and pinplates from the latches welded to the 
steel channels at corners and two intermediate points. 


Stripping and storing panels— A 4-ton crane with a 55-ft boom lowers on 
the top surface of the panels the panel-long vacuum lifting mat (Fig. 6) 
which is connected to a pump mounted on the crane. The vacuum valve 
is then turned on and while the lifting lines are strained, compressed air is 
introduced in the air boxes cast in the concrete molds. The simultaneous 
straining of the line and introduction of air causes the panel to actually 
“pop” out from its mold. Laborers then place safety hooks and the crane 
operator swings the panel over to the storage area and sets it either on two 
1 x 4’s or on 1 x 2-in. wooden strips placed on the panel stored the previous 
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Fig. 6 — With vacuum lifter 
“sucked” onto top of panel, 
lifting lines strained, precast panel 
“pops” out of mold when air 
pressure valve is turned on. Note 
safety hooks which are 2'/-in. 
diameter steel bars sliding in 
greased pipes 


day. Wooden blocks and strips have to be placed properly to avoid undesirable 
bending stresses in the concrete panels. 

The purposely narrow casting platform permits stripping one row of four 
panels without moving the crane. In six minutes four panels are stripped 
and stored. Allowing for adjustments in the width of the lifting pads to 
fit the various panel sizes, stripping and storing time for 140—or 132 
panels daily has gradually been reduced to between 4!5 to 5 hr. One crane 
operator, one oiler, and two riggers comprise the stripping and storing crew, 


Cleaning mol Is, re selling side forms, and oiling mold The cleaning, setting 


eye e .* 
and oiling crew immediately follows the stripping crew. Jets of compressed 


air remove any dust and concrete particles remaining in the molds Midge 
forms are reset quickly by dropping the pins in the corner latches and driving 
home the pin plates at the intermediate braces. ‘Thereafter form oil is mopped 
on the concrete mold and steel edge forms to prevent bond between the mold 
and the panel. 

Placing pre-dasse¢ mbled reinforcing CaAdES Reinforcing eages are assembled 
independently for quick and accurate installation in the molds. Carried out 
in a nearby separate area, approximately 19 ft 6 in. x 6 ft 4 in. mesh sheets 
are placed in an especially designed hydraulic press (Fig. 7 With one stroke, 
the press produces, with astonishing accuracy in dimensioning, the U-shaped 
wire mesh ready for storage. Up to 700 bent reinforcing units have been 
produced daily with a maximum crew of eight men 

The second step is to bring the bent mesh units by truck to the casting yard, 
to wire to the mesh the already cut-to-length reinforcing bars and to drop 
the completed unit (Fig. 8) in a matter of minutes into the molds, now ready 
to receive the concrete. Despite the close tolerances required for the thin 
concrete sections, the number of panels rejected for insufficient concrete 
cover Was insignificant. 

Placing concrete 

Concrete proportions—For both projects a 4000 psi strength concrete at 

28 days with maximum gravel size of 14 in. was specified. For the first 
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Fig. 7—Hydraulic press for bend- 
ing wire welded mesh 


Fig. 8—Placing wire mesh and 
reinforcing steel in mold 


increment of ten warehouses, the specifications also stated that it was the 
contractor’s responsibility to provide concrete of the strength specified. 
Design mixes were to be submitted by the contractor in advance for testing. 

lor the contractor, however, the eriteria were maximum workability with 
maximum overnight strength for removal of the panels from the molds. To 
determine the proper mix, considerable experimentation with proportioning 
Was necessary, and a large number of non-vacuum treated and vacuum 
treated 6 x 12-in. evlinders were laboratory made,* cured at 70 F and 99 
percent humidity with slumps varying from 4 to 5 in. 

From the laboratory results, the following basic mix was submitted and 
accepted by the owner, as it met the strength required: cement factor—-54 
sacks of Type L portland cement per cu yd; nominal mix by weight—1:2.4: 
3.77; water-cement ratio—7.4 gal. per sack; slump—5.5 in.; and vacuum 
processing. The quantities per cu yd are 508 Ib of cement, 1220 Ib of sand, 
1912 Ib of gravel, and 40 gal. of water. 

With this basic mix, the preliminary laboratory test cylinders yielded 
the average strengths given in Table 1. 


The basic vacuum treated mix was used during the summer months while 


in the fall the cement content was increased to 5.65 sacks of Type [| cement 


per cu vd. For the few cold winter months, 5.65 sacks of high-early strength 
cement were used. This vacuum treated mix tests about 5000 psi at 7 days. 


*lLaw-Barrow-Agee Laboratories, Atlanta, Ga 
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TABLE 1—COMPARATIVE STRENGTHS 
OF TREATED AND UNTREATED 
CONCRETE 


Compressive strength, psi 


Untreated Treated 
eohnerete cohnerete 
249 RIK 


S14 


Test evlinders are taken daily and cured under the same conditions as the 
east concrete; 1, 7, and 28-day break tests are made at a field laboratory 
The field compressive strengths obtained vary within a reasonable range 
and are substantially the same as the preliminary laboratory tests, even 
though some difficulties were initially experienced In proper control ot slump 

The slight variations from the basic 5.4-sack mix to compensate for un- 
favorable winter weather permits continuous production To meet the 
strengths required, the aggregates are not heated, nor is warm water hecessary 
since the Job site is in southern Georgia where temperatures are rarely below 
freezing. 

Placement —~Concrete was brought from the nearby batching plant in two 
truck mixers and chuted directly into the molds Kach batch was sufficient 
for three pairs of panels As the casting of the panels progressed , time re- 
quired for placing the approximately 95 cu yd required for a day's production 
Was gradually reduced to about 5! » 10 6 hi It is believed that it would be 
difficult to better this excellent perlormance 

Vibrating, screeding, finishing, and vacuum processing —Mfter placing the 
concrete in the molds, it was spaded and vibrated. The first contractor 
developed the screed vibrator shown in Fig. 9 

Kor the first screed vibrator, a one-cylinder engine is mounted on the 13 


ft long rail which has steel end plates which slide on the top flanges of the 


four edge forms. This requires that molds be placed and maintained perfectly 


9—Screed vibrator spans 
two molds 
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em! 


Fig. 10—Gantry spanning four molds with suspended vacuum mats to withdraw excess mixing 
water; used for first increment of warehouses 


level on the platform. Uneven settlement of the molds on the soil-cement 
platform was inevitable but it was found sufficient to provide some additional 
internal vibrating to insure proper placing of the concrete in the thin ribs. 

The importance of proper vibration in any concrete work cannot be over- 
emphasized. It is, of course, more effective and much better controlled in a 
casting yard at ground level than on scaffolds on a cast-in-place structure. 
When honeycombed surfaces do appear in precast work, a relatively inex- 
pensive precast element can be eliminated and corrective measures can be 
tuken before the job has progressed too far 

After striking to a finish, the top surfaces of the panels were vacuum 
treated with panel-size mats. To expedite handling of the mats with less 
labor, the first contractor devised the gantry shown in Fig. 10 and suspended 
the four suction mats. The gantry spans one row of four molds and travels 
on the two outside rails. From a control panel one man lowers and. raises 
each mat with an individual air jack. The second contractor chose to build 
two independent gantries; each gantry spans only two molds and each travels 
on two rails. Both types of gantries performed well. After treating the top 
surfaces of the panels for about five minutes, the gantries are rolled to the 
next row of molds. 

Curing—Standard specifications of the Bureau of Yards and Docks calls 
for the customary water curing or membrane curing compound. Both con- 
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Fig. 11—Lumber carrier hauls six panels or approximately 600 sq ft of roof area to erection site 


tractors spray curing compound on the top surfaces of the panels which are 
then stacked for air curing 

Removal of spilled concrete--In sereeding the top surface of the panels, 
excess concrete spills over the edge forms onto the ground This excess 
concrete must be removed daily before it has set or it would interfere with 
release of edge forms and also prevent access to vacuum and air lines. With 
concrete placement requiring less than 6 hr, laborers are available for removal 
of spilled concrete within the S-hr day 

Washing and cleaning equipment-—With the repeated daily use of all equip- 
ment, the Importance of keeping it in good condition is apparent Operations 
are thus completed with the serubbing of vacuum mats and washing of all 


equipment. 


Hauling and erection of panels 

A standard lumber carrier hauls the panels from storage yards to the 
erection site, an average distance of ly mile Driven over the panels stacked 
six high (Fig. 11) there is sufficient room for the carrier shoes to move inward 
under the panel edge beams and to hoist the entire stack. With three round 
trips an hour, 140 panels (13,500 sq ft) can be loaded, hauled, and unloaded 
daily by one driver 

At the erection site the relatively narrow 18 ft 6 in. bays and the 24 ft 
6 in. height of the warehouses restrict maneuverability of the 3-ton crane 
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The crane has to move back and forth in the adjacent bay. To reduce the 
number of these moves in a restricted area, it has been found expedient, at 
least at one of the projects, to use a second lumber carrier to distribute panels 
all along the 200-ft frame. The boom of the crane reaches over the top of 
the bent, and sets up to 140 roof panels daily with the vacuum lifter. In 


addition to the crane operator and oiler, one rigger works at ground level, 


and two riggers at the roof level Krection of the panels has not presented 


any problem. The *¢-in. tolerance in the over-all dimensions of the panels ts 
more than sufficient. The plates connecting the panels to the frames are 


welded in the usual manner to complete the erection. 


PROGRESS SCHEDULE 


It is believed that the casting and storage vards described herein are the 
largest job-site installations built to date in the United States.* Mach in- 
stallation occupies a total area of approximately 80,000 sq ft. 

For both general contractors, these projects were their first experience in 
thin-shell ribbed precast concrete work. It therefore should be brought out 
that the first contractor broke in his crew and attained full production in the 
remarkably short time of seven operational days, reaching the goal of 140 
panels daily on the seventh day Operations started with the casting of 
the first row of four panels. The next day these first four panels were removed 
without difficulties from their molds and stored 

From the start the various casting and storage operations dovetailed 
almost perfectly. The panels are indeed mass produced as all the various 
daily operations are carried out in the casting vard and at the erection site 
well within the anticipated time and with less labor and less equipment than 
originally contemplated. At times the casting yard has to be shut down 
ius panels cannot be moved from the storage vard for erection, as cast-in- 
place concrete warehouse frames are not ready to receive the panels. 

The second contractor started installation of his casting and storage vard 
about Dee. 16, 1952. Fifty-five calendar days later, under adverse con- 
ditions during a particularly bad winter season, the entire 132 mold casting 
and storage yards were completely installed and ready to function All the 
varied fixed and rolling equipment was on the job and the first) panel was 
placed, stripped, and stored on Jan. 30, 1953. The installation was com- 
pleted exactly on schedule and within the bid cost estimate 


CONCLUSION 


Some of the reasons which enabled both general contractors, Inexperienced 
in thin-shell construction, to perform such a remarkable job at such low cost 
are (a) the designer’s awareness that for a structural element to be sound 
and economical he has to understand thoroughly the builder's problems; 
(bb) close cooperation between the ehngimeering Torces of the Burenu of Yards 


*The vard installation in production since 1947, at Guam, Isl lof Guam e beheve 
ing vards ever built 
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and Docks and contractors, and (¢) the general contractor is again the 
master of his trade and not merely its slave. He is in full control of each 
and every phase of the work and can exercise his ingenuity to develop at will 
innumerable “slick”? devices — and there are plenty of opportunities for doing 


so. This combination of close cooperation between the design engineer and 


the contractor and the contractor's freedom of action in precast work yields 


in the construction field the same economies which industry has attained 
through a combination of design engineering and production to obtain an 
economical product. 
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Title No. 49-58 


1—Layout of one-half of casting yard. Other half with reversed layout lies to the left 


Fabrication and Erection of Precast Enclosure 
Framing for One-Story Barracks 


By FORD J. TWAITSt and MARTIN M. DENNt 


SYNOPSIS 


concrete barracks buildings for the United 


The construction of precast 
Twentynine 


States Marine ¢ orps artillery training facility on the desert near 
Thin-shell ribbed roof panels are manufactured 
The 


rid 
ra 


Palms, Calif., is deseribed 
in a central casting yard and wall panels are cast on the building floors 
wall panels are erected and ply wood lined steel forms for Cast-in-pl we rT 


frames are attached Roof prune Is are transported from the casting yard, set in 


position on the steel forms and the rigid frames are concreted 


INTRODUCTION 
The barracks buildings, fabrication and erection problems of which are 
described, are to be part of a new 10,000-man United States Marine Corps 


artillery training facility now under construction in a desert area near Twenty- 


nine Palms, Calif 
49-58 is a part 
roceedings V. Ag 


h the Institute 1 
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Fig. 2 (above)}—Roof panel steel molds 

showing side form hinging and wedging 

devices, application of bond-breaking 
agent, steam valve pit and steam lines 


Fig. 3 (left}—Molds with reinforcing steel 
in place, concrete being placed and later 
screeded with a vibratory screed 


When completed, 117 prefabricated concrete buildings will have incorpo- 
rated 5756 precast roof panels totalling 1,150,000 sq ft of surface area, and 
3268 precast wall panels totalling 724,000 sq ft of surface area. As the con- 
struction of most of the buildings is similar to that of the 30 ft wide by 220 
ft long barracks buildings and the 20-ft rigid frame spacing is similar for all 
of the precast buildings, considerable repetition permits the contractor to 


employ production line methods for producing component parts. 


PRECASTING ROOF PANELS 


All roof panels are of thin-shell construction (1144 in.) with 8 in. deep longi- 
tudinal ribs and 4 in. deep cross bridging. Both ribs and bridging are spaced 
at approximately 3 ft 8 in. centers, producing a waffle-type soffit. The 
maximum dimensions are 11 ft 2 in. x 22 ft, and the maximum panel weight 
is 7860 lb. Four percent of an air-entraining agent and 2 percent of calcium 
chloride are added to the concrete. 

The casting yard is arranged to create four production lines (Fig. 1) with 
a total of 59 molds. Each 24-hr period, one panel is cast in each mold or, in 
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other words, the yard is operated on a 24-hr cycle. The steel molds consist 
of heavy metal domes (10-gage), steel angle and plate side forms, and con- 


crete foundations (Fig. 2). Side forms are hinged to permit stripping and 


easier cleaning after each casting cycle. An important feature of the molds 
is the “built in’ !5-in. longitudinal camber. By the time the panels have 
been placed on the roofs, shrinkage and deflection due to the panel dead 
load will have reduced this camber to such a degree that level soffits will 
be obtained. 

The first step in casting panels is to spray the domes and side forms with a 
bond-breaking agent (Fig. 2). Next, the reinforcing steel and preassembled 
2 x 2-12/12 wire mesh is placed and the mold is ready for concrete. The 
concrete truck is driven alongside and concrete discharged from a swing 
chute, after which it is spread by hand and screeded with a special metal 
screed mounting two pneumatic vibrators (Fig. 3). At the same time, an 
internal vibrator or “stinger” is used in the longitudinal ribs to prevent rock 
pockets forming in these deeper sections. Finally, the panel is given a rough 
surface texture by floating a composition belt back and forth across the sur- 
face. Prior to steaming, the panel is sprayed with a thin film of curing 
compound, 

Steam curing is accomplished by covering the mold with a light canvas 
cover and discharging steam under the cover on to the top surface of the 
panel (Fig. 4). The 130 to 160 F, 4 to 8 psi steam is produced in one centrally 
located oil field-type boiler and is piped under ground to each mold where 
individual controls permit independent curing of each mold. Steam is 
started 2 hr after the panel has been sprayed with curing compound and con- 
tinues for 7 hr. The steam is turned off for the remaining portion of the 
evele. At this time, the panel has obtained more than 60 percent of design 
strength as specified prior to moving, and the panel is ready to be stripped 
from the mold. 


Fig. 4—A portion of casting yard showing roof panels being steam and air cured 
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Fig. 5—Converted lumber carrier used to strip roof panel molds 


Unusual is a converted lumber carrier with 15-ft clearance between the 
wheels, and a minimum vertical clearance of 7 ft devised to perform the 
stripping operation (Fig. 5). A vacuum pump (which operates at an atmos- 
pherie pressure of 10 to 12 psi) is installed on the platform, and the vacuum 
mat is raised and lowered by electric hoists. The hoists, in turn, are operated 
by one man with push-button controls on the frame at the left rear wheel. 
With this equipment, stripping the panels from the molds is completely 
mechanized, 

After the steam curing cover has been removed and the side forms hinged 
back, the carrier is driven into position over the mold, with care being 
exercised to center it longitudinally. Exact centering transversely is ob- 
tained by mechanically moving the hoists and mat. The mat is dropped, 
the electric hoists are started, the roof panel is raised from the mold and 
transported to stockpile. If the panel appears to stick, steel wedges are 
applied at the ends of the longitudinal ribs, and the suction is easily broken. 


The molds are wire-brushed, air-blown and the sides are wedged in position 
in readiness for the next casting cycle. 


In stockpiling (Fig. 4), the bottom panel is supported at end fifth points 
on a concrete foundation, and all panels are separated at end fifth points 
with wood dunnage. Thus dry desert air can circulate between the panels 
during the second phase of curing, and panels do not readily lose the 's-in 


camber obtained in casting. Stockpiles are seven panels high, the top panel 
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Fig. 6—Wall panel side form and 
hole forming device 


is covered with building paper, and all are allowed to cure until the 28-day 


design strength is obtained. 
PRECASTING AND ERECTING WALL PANELS 
Wall panels 5 in. thick, 11 ft 6 in. high and 19 ft 1). in. long are cast on 


1 
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Fig. 7—Wall panel being tilted into position with vacuum mat tilting mechanism 
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Fig. 8 (left}—Trailer being loaded 
with roof panels in the casting 
yard 


Fig. 9 (below)—Rigid frame forms 
with re-shores in place and roof 
panels on 
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Fig. 10—Roof after rigid frames 

have been concreted showing 

green concrete in casting holes, 

the small amount of screeding re- 

quired and the longitudinal joints 
ready for grouting 





he Fs a 
wae 2 - 
ne ae 


. me 
ie << RR 2 ‘ 


the building floors, using lightweight coarse aggregate and natural sand 
| 


conerete. As with the roof panels, an admixture of 4 percent air-entraining 
agent and 2 percent calcium chloride is added to the concrete 

Due to the great number of re-uses required, side forms are built: from 
5 x 3.x 34 in. steel angle punched to allow passage of the horizontal wall 
steel and with special devices attached to form holes to which later the steel 
bent forms will be bolted (Fig. 6). 

As the exterior surface of the wall is cast up and as a rough textured sur- 
face was desired, the panel is wood floated and not troweled. However, 
from having been cast against the concrete floor slab, the inside face has a 
smooth finish. 

After having reached a minimum strength of L800 psi, the wall panels are 
tilted up (at a rate of approximately 52 per day) and placed on previously 
prepared grout pads set to exact elevation on the column footings. Vacuum 
equipment, which consists of a tilting mat operated by a crawler crane, is 


Fig. 11—Completed barracks buildings 
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used (Fig. 7 The vacuum pump is located on the counterweight) behind 


the cab, and the vacuum hose is run up the boom and down to the mat 


Using adjustable double-acting pipe shores, the walls are braced in position, 


the rigid frame forms are attached, and the building is ready for roof panels 


TRANSPORTING AND ERECTING ROOF PANELS 


Roof panels, dated and numbered when put into storage, are loaded on 
trailers and transported an average distance of |!) mile to the building site 
(Fig. 8). At the building, the panels are placed and the rigid frames are 
concreted through slots formed in the casting molds by bolting block outs 
to the end forms between the longitudinal ribs. The holes so formed 
approximately 6 in. x 3 ft and are continuous over the beam sections. 


are 


Timber re-shores are wedged to the beam soffits (Fig. 9) and after two 
days, the side forms are removed, allowing the soffits and re-shores to remain 
until the 28-day concrete strength is obtained. After pressure grouting the 
longitudinal joints between roof panels (Fig. 10), the concrete work on the 


building is complete (Fig. 11). Using these methods, the contractor completes 
two barracks buildings each day. 
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Careful Planning a Necessity in Building with 
Precast Concrete’ 


By BENTON H. PROCKt 


SYNOPSIS 


Any project involving large quantities of precast concrete elements must 
tuke into secount planning, organization, equipment, and erection — all 
interrelated and dependent on each other for successful completion of the 
job. The most Important phase of the whole operation is planning Ciood 
engineering forethought that determines casting yard layout, sequence of 
operations, precasting and erection techniques, selection of equipment, and 
Inanpower organization prior to actual construction will lead to decreased 
operating Costs 


PLANNING 


Prefabricated building costs are determined largely by the size of the 
project; the larger the project the lower the unit cost. Planning is perhaps 
the most important phase of the whole operation. This must include casting 
yard layout, sequence of casting operations in the yard, mold and side form 
materials, and methods of holding these forms. After assembling an organi- 
zation to prepare detailed plans, the site for the casting yard must be selected 
An important factor is the fitting of the equipment to be used into the time 
allotted for the job. A crane can make only so many lifts in an hour; there- 
fore, to avoid overtime, lifts required of each crane must be low enough to 
allow some time for breakdowns, shortage of manpower on some days, or 
other delays 

Working drawings of the vard and each precast member must be made, 
after which a thorough check must be made to determine if provisions have 
been made for all inserts, openings, or other specialties. Location of inserts 
is of the utmost importance since each member must either fit against or 
onto another member. In addition the inserts must be held in place while 
concrete is being placed. If a !s-in. hole is drilled in the base of wall and 
panel inserts and they are then set on a 1 o-in pin at the desired location in 
the form, the insert will remain in its proper place. However, any insert 
that is not securely fastened is always subject to movement, so the casting 
erew must watch for the inserts and not step or throw anything on them 
that would push the inserts out of place 
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Fig. 1—View of ammunition storehouse showing precast concrete rigid frames, roof panels, and 
wall panels 


For a satisfactory casting yard the forms must be made of a material of 
sufficient strength to withstand the continuous vibration to which they are 
subjected by the vibrators when placing the conerete. Roof panel molds are 
often precast from concrete, and this operation takes considerable time. 
In the construction of 43 inert storehouses (Fig. 1), 50 x 200 ft, with roofs 
of thin-shell ribbed panels at the Naval Ammunition Depot, Shumaker, 
Ark., conerete molds were used (Fig. 2). The side forms were fabricated 
from 10-gage metal, and this material was found incapable of withstanding 
continued use. It may be of interest to note that in this same project, 
assembly line techniques were used also for casting the precast rigid frames 
and wall panels (Fig. 3 and 4). 

The tolerance of precast units is small; therefore, molds and side forms 
must be checked closely. Length, width, and location of holes and offsets 
must be accurate as these can cause innumerable delays. With proper 
planning, when construction starts on the casting yard it will move along 
smoothly just as in any other phase of the job. For inexperienced personnel 


it is wise to make a model casting yard so that they can become familiar 


with the precasting set-up prior to actual operations. Until one project 


has been completed many are skeptical and fail to see why some operations 
are performed. 

Patented vacuum processing and lifting methods were used in the casting 
yard operation for the ammunition storehouses, and the results were eminently 
satisfactory. This method of lifting is well worth observing, as it is hard to 
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Fig. 2—Thin-shell ribbed roof 
panels being cast in concrete 
molds with steel side forms 


Fig. 3—Forming precast concrete 
rigid frames 


Fig. 4—Casting yard and vacuum 
processing for precast wall panels 
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Fig. 5—Vacuum mat lifting wall panels from molds 


conceive of lifting large thin concrete sections testing as low as 600 or SOO 
psi from the forms and storing them for further curing (Fig. 5 and 6 

Construction of lifters depends on the number of times they are to be used 
A simple lifter can be made with structural members and plywood as the face 
of the lifting mat, with sponge rubber to contain the vacuum. For a large 
project or a permanent yard plate steel is better. Plywood was first used 
on the Arkansas project but it became necessary to reconstruct some of the 
lifters, and then steel plate was used which gave greater flexibility by enabling 
the lifters to take hold even on a slightly irregular concrete surface. Vacuum 
processing of concrete gives a high early strength with a sizable reduction 
in amount of cement. This reduces curing time and facilitates erection 
The only disadvantage is the amount of specialized equipment, management, 
and manpower involved. Other satisfactory methods of obtaining the 
desired strength are steam curing or the use of high early strength cement 
and caleium chloride. 


ORGANIZATION 


It is Hecessary to have a complete engineering branch to cheek all of the 


plan measurements, procedures, and methods encountered in the building 


of the casting area and the casting forms. Lack of planning and forethought 


on their part will sharply Increase operational COSsts Onee a casting vard 
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Fig. 6—Vacuum mat lifting wall panels to storage frames 


is set up its operation is no different than any other concrete placing Operation 


It is simplified by the fact that after a few days every one knows exactly 


what he has to do each day and the supervisor then has only to plan the 


casting operation for maximum efficiency. It is a little difficult to key the 
work of the crafts together when all the different pieces for an entire building 


are being cast 


On the Arkansas job the casting vard Was a separate unit trom the erection 
and by coordinating the loading of the various pieces onto the trucks between 
casts both operations proceeded smooth!y The erection supervisor must be 
capable of keeping the various phases in proper sequence. However, in 
erecting i precast building it is much easier to control the over-all operation 
because men work in small independent groups. A few more riggers are 
required on precast than on conventional concrete work but forming is re 
duced and thus fewer carpenters are needed. Also, reinforcing is simplified 
hecause it comes fabricated for each precast member and is tied in units 
the vard and placed in the molds or forms as a unit, and all work is done on 
the ground. It took only two iron workers to install the prefabricated mesh 
in the wall slabs on the above project where on a cast-in place job it would 


have taken many more 
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Fig. 7—Gantry crane used 
in casting yard 





Fig. 8—Heavy crawler 
crane setting wallpanels 


Fig. 9—Truck-mounted crane 
setting rigid frame units 


EQUIPMENT 


KMquipment needed for a precast operation is considerably different: from 
that for conventional cast-in-place construction. A large project warrants 
heavy equipment which would not be justified for a few buildings consisting 
of large panels. Engineers planning projects should take into consideration 
the size of the project before going too far with the design, because if the 
project would not justify the use of large lifting and hauling equipment, 
smaller precast units requiring lighter hauling and erection equipment could 


be used. At the Shumaker project a gantry crane 26 ft high and 77-ft span 


was used in a yard 850 ft long; crawler and truck cranes were used in erection 
(Fig. 7, 8, and 9 Kirst cost of a gantry crane is high but it operates eco- 
nomically and can make more lifts over a larger area than can a crawler 
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Fig. 10—Hauling roof panels 





Fig. 11—Hauling rigid frames 





Fig. 12—Hauling wall panels 
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crane, On the other hand, a gantry is confined to the exact limits of the 


yard while a crawler permits wider operations. Vacuum pumps must have 


sufficient capacity to make lifting operations safe 


Transportation of the precast units is also important \ lumber carrier, 
or straddle truck, was used to carry the roof panels (Fig. 10 A long float 
or flatbed trailer carried the center sections of the rigid frame (Fig. 11 
and the side wall panels were hauled on an A-frame hung over the side of 
lowboy truck (Fig. 12 


ERECTION 


rection becomes simplified after a few days, provided everything is cast 
and stored for curing and hauled in proper sequence One important feature 
in erection is the proper lifting method for placing precast sections For root 
slabs, vacuum lifters work as well in the field as in the casting yard, but 


for larger panels, slings, clamps, or inserts will work to better advantage. 





Title No. 49-60 


Chemical Reactions in High-Pressure Steam Curing 
of Portland Cement Products" 


By W. C. HANSENT 
SYNOPSIS 


A review of the literature on the chemical reactions in cement-silica pastes 
indicating the changes which may occur during the curing of portland cement 
concrete products at ordinary temperatures and at the elevated temperatures 
in steam curing \ bibliography lists the works reviewed. 


INTRODUCTION 
The typical commercial procedure for producing high-pressure steam-cured 
portland cement products is to use about 65 lb powdered silica with 100 Ib 
of cement, cure the products for approximately 2 hr at rag g tempera- 
ture, heat in an autoclave to 125-140 psi (approximately 350 F or 175 C) 
in not less than 1.5 hr, hold at 125-140 psi for a minimum of 8 hr, then allow 
the pressure to drop to atmospheric pressure in not less than 15 min. This 
procedure is similar to one used by Menzel! in studies to determine the effects 
of variations in the quantities of powdered admixtures and of different auto- 
claving temperatures and periods upon the strength and volume change 
characteristics of autoclaved portland cement products. Menzel found 
that, for temperatures of 300 and 350 F, the strength developed rapidly 
during the first 8 hr and slowly thereafter up to about 48 hr and that the 
maximum strengths were obtained with 30-50 percent admixture of silica. 
In a cement containing 22 percent S/O». and 65 percent CaO, the addition of 
10 percent silica would make the ratio of CaO:SiO, approximately 
From this, it is seen that the producer of high-pressure steam-cured portland 
cement products is interested in the chemical reactions which occur in a 
paste of cement and silica, in which the ratio of CaO:SiO2 is approximately 
during about 2 hr at atmospheric temperature, during about 8 hr at 
approximately 175-200 C, and during subsequent storage at atmospheric 
temperatures. This report reviews the literature pertaining to chemical 
reactions which may occur in this process. 


REACTIONS IN THE SYSTEM CaO-SiO.-H.O AT ORDINARY TEMPERATURES 
A number of investigators have attempted to determine the nature of the 
compounds of CaO, SiO, and H,O formed at atmospheric temperatures in 


*p repared as part of the work of ACI Committee 716, High Pressure Steam Curing. Received by the Insti- 
tute Feb. 25, 1953. Title No. 49-60 is a part of « opyrightex 1 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE, 
24, No. 9, May 1953, Proceedings V. 49. Separate prints are available at 50 cents each. Diseussion (copies in 
wipieate) should reach the Institute not later than Sept. 1, 1953. Address 18263 W. McNichols Rd., Detroit 19, 
Mich 
a American Concrete Institute, Manager, Research Laboratories, Universal Atlas Cement Co., Buffington 
Station, Gary, Ind. 
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the pure system and in hydrated portland cement. The literature published 
on this subject prior to 1947 was thoroughly reviewed by Steinour.2 One 
method used by the early investigators to determine the compositions of 
hydrated calcium silicates formed at low temperatures was to determine the 


compositions of the solid phases in equilibrium with solutions containing 
varying concentrations of calcium hydroxide. The starting materials were 
silica gels or sols with Ca(OH), crystalline calcium silicates, calcium silicate 
glasses, and precipitates obtained by reaction of such materials as sodium 
silicate and calcium salts. In most cases, the degree to which equilibrium 


was approached was not clearly established. Steinour summarizes this work 
for compounds formed at low lime concentrations as shown in Table 1. 

Steinour points out that several investigators examined by X-ray methods 
the products prepared at room temperature and concluded that they were 
more highly limed than CaO-SiO,-aq. This formula could be written as the 
orthosilicate (CaH.SiO4-aq.), in which 1 mole of H,0 is not water of 
hydration. 

The continuous increase in CaO:SiO. for the solids with increase in CaO 
in solutions has been explained by certain investigators as adsorption of CaO 
by a low-limed calcium silicate and, by others, as a solid solution of high 
and low-limed calcium silicates. According to Steinour, Bessey and Cirilli 
thought it probable that solid solutions are formed between Ca0O-SiO,-aq. 
and 3Ca0-2Si02-ay. and that Lafuma, Tavasci and Keevil and Thorvaldson 
suggested that the gel is zeolitic with respect to its variability in lime content. 

Recently, Taylor® re-investigated the system Ca0-Si0.-H,O at ordinary 
temperatures. He prepared his products by decomposition of 3CaO-Si0e, by 
reaction of Ca(OH), with silica gel and by double decomposition of calcium 
nitrate with sodium silicate. These products were shaken with water, filtered, 
the filtrate was analyzed for CaO and the solid was analyzed for CaO and 
SiO, and examined by X-ray methods. From the data presented, it appears 
that most of Taylor’s solutions were at equilibrium. He found one X-ray 
pattern for all of the products with CaO:Si0, below 1.65 and a slightly different 


TABLE 1—COMPOUNDS FORMED IN THE SYSTEM CaO-SiO.-H.O 
AT LOW LIME CONCENTRATIONS AND ORDINARY TEMPERATURES 


Compounds assumed or suggested 


CaO+ SiO2° 3C a0 48102" {CaO SSW: CaO- SiOe: 
Investigators aq aq. aq. aq. 
(1:2) (3:4) (4:5) (1:1) 


Baylis 

van der Burgh 

Shaw and MaclIntire 
Flint and Wells 

Jolibois and Chassevent 
Beitlich 

Krasil'nikov and Kiselev 
Bessey 

Roller and Ervin 

KGéhl and Mann 
Thorvaldson and Vigfusson 
Cirilli 

Tavasci 

Nacken 


AKAKAAL A ZAAAA 
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pattern for the products with CaO:SiO, of 1.90 and 1.94 prepared from 
38CaO0-SiO,. He identifies the product giving the first pattern as calcium 
silicate hydrate (1) and the other as calcium silicate hydrate (11). ‘Taylor 
points out that his X-ray pattern for calcium silicate hydrate (1) is similar 
to those published by other investigators and states. 

The independence of the powder diagram of calcium silicate hydrate (1) with regard 

to lime:silica ratio indicates that lime in excess of about 1.0 mol is held in some 

manner sufficiently random not to influence the diffraction pattern. Certain workers, 

notably Bessey and Cirilli, have considered that solid solutions occur between 

CaO -SiOz-aq. and 3CaO0-2SiO2-aq. If this is so, the solution must be of such a kind, 

as was envisaged by Lafuma, as would not affect the X-ray spacings or intensities 

The data are, however, equally consistent with the possibly not widely differing view 

that the excess lime is held by adsorption. 

Kalousek* has made exhaustive studies of the system Ca0O-SiO.-/1,0 by 
means of differential thermal analysis and X-ray methods. Products were 
prepared by the reaction of Ca(OH), and silicic acid. The uncombined CaO 
and SiO» contents of the reaction products were determined. He found, as 
Taylor® did, that products with different CaO:SiO, ratios gave identical 
X-ray patterns and concluded that a series of solid solutions was formed 
with the end members being 4Ca@O-5SiO2-aq. and 4Ca0-3Si0,-aq. The 
CaO:SiO,g ratios, according to Kalousek, are therefore O.S:1 and 1.33:1 for 
Taylor’s calcium silicate hydrate (1). 


Taylor® believes that the ratio of 0.8:1 is correct for the lower limit. He 
states “Claringbull and Hey® have recently shown that calcium. silicate 


hydrate (1) is identical with the natural mineral, tobermoreite.”” The compo- 


sition of tobermoreite appears to be O-8CaO-SiOg-aq. From X-ray and 
density data, Taylor arrives at the formula 8CaO-10Si0,-10//,0 for tober- 
moreite and, accordingly, for the minimum CaO:S:Oz, ratio for calcium silicate 
hydrate (1). 


Taylor’ investigated the water content of calcium silicate hydrate (1), 
0.8-1.5CaO0-SiO.-XH20, by means of dehydration isobars, X-ray photo- 
graphs, and differential thermal analysis. ‘The products studied were prepared 
by reaction at room temperature and by hydrothermal methods. He also 
studied a sample of the natural mineral riversideite which he had found to 
be “a close fibrous intergrowth of an apatite mineral, Wilkeite, and calcium 
silicate hydrate (1).” 

From these studies, Taylor concluded that calcium silicate hydrate (1) 
can exist in three distinct states of hydration. In these Y = 2.5 approximately; 
1.0; and 0.5. The C or inter-layer spacings for these three were 14.0, 10.4 
and 9.3 A°, respectively. The expelled water can be replaced completely if 
the water content is not reduced below 1.0 but the original C spacing is not 
fully regained. Taylor states “The water:silica ratio NY, after any given 
condition of dehydration, is independent of the lime: silica ratio of the sample 
This seems to rule out the theory that the variable lime content is due to the 
adsorption of calcium hydroxide.” 
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Summarizing the work on the hydrated calcium silicate that may exist in 
equilibrium with saturated and less than saturated caleium hydroxide solu- 
tions, it appears that only one such silicate will exist in these solutions. The 
composition of this silicate will depend upon the concentration of Ca(OH), 


in the solution and will vary from approximately 4Ca0-5SiO.-aq. to 


approximately 3Ca0-2Si02-aq. 


Taylor was not successful in preparing calcium silicate hydrate (II) except 
by decomposition of 3CaO0-SiO.. Hence, his information on it is not very 
great. It appears to have a composition of approximately 2Ca0O-SiO,-aq. 
and it does not appear to take up CaO in solid solution or by absorption 
because 3C'aO-SiOz liberates CaO when treated with water. Taylor points 
out the possibility that mixtures of calcium silicate hydrate (I) with excess 
Ca(OH), may represent a metastable condition or that calcium. silicate 
hydrate (II) is a metastable product peculiar to the decomposition of 
3C a0 - SiO. 


REACTIONS IN THE SYSTEM CaO-SiO.-H.O AT ELEVATED TEMPERATURES 


Investigators have followed two procedures in hydrothermal studies. In 
one, they have heated solids in contact with relatively large amounts of 
water and, in the other, they have heated pastes in saturated steam. The 
results by the first method may or may not be directly applicable to the 
steam curing of concrete products. 


Thorvaldson® and his students were among the first to study the reactions 
under conditions comparable to those used in practice in the production of 
concrete products. They prepared a crystalline product having approximately 
the composition 2CaO0-Si0.-H.O (which they referred to as I) by heating 
in an autoclave at temperatures of 100-200 C a portland cement-sand mortar, 
a slurry of calcium oxide and pure silica, and quartz crystals and silica plates 
in saturated lime-water containing an excess of Ca(OH)». They prepared 
a different product (which they called II) by heating a mixture of lime and 
silica in the molar ratio of 4:1 in an autoclave at 170 C. Analysis of the 
crystals gave the composition 2.14Ca0-Si0,.-1.42H,0. In some of the 
experiments at 170 C with silica plates and lime-water, the plates were 
covered with a hard scum which had an entirely different X-ray pattern 
than those of crystals I and II and had the composition O0.86Ca0-Si0.- 
0.56H,0. Thorvaldson explains this as foltows: “It seems possible that 
a rather thin impervious film of very fine crystals formed at first on the silica 
plate and that further growth of the film occurred between this and the 
plate at a very low concentration of lime, the film preventing free access of 
calcium from the solution.” 

Keevil and Thorvaldson® studied the action of saturated steam on 
3CaO-SiOe, B 2CaO-Si0e, y 2CaO-SiOs, hillebrandite (2CaO-SiO.-H,O) 
and dehydrated hillebrandite at temperatures between 50 and 374 C. At 
110 and 170 C, B and y 2CaO-SiO. both gave the same crystalline products. 
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The maximum hydration was usually attained in about two weeks and the 
composition was 2Ca0-Si02,-H,0 with no free lime present. At temperatures 
of 220 and 350 C, the absorption of water was not reproducible. Usually, 
less water was absorbed at the higher temperatures. Microscopic and X-ray 
studies indicated that three different crystalline phases were formed —two 
of them usually being present in any one sample, although some samples 
were nearly homogeneous. Two of the crystalline phases were definitely 
identified as Phases I and II. The third crystalline phase (Phase IIT), which 
was also a hydrated dicalcium silicate, was the one most commonly observed, 
especially at the higher temperatures. None of these products corresponded 
to natural hillebrandite.* 

Hillebrandite, heated for 11 days in the autoclave at 160 C, did not alter 
its weight or X-ray pattern. Ignition to constant weight at 900 C and re- 
hydration at 160 C gave the original weight but the X-ray pattern of the 
product differed from hillebrandite. 

At temperatures of 110 C or below, 3CaO-SiO, appeared to be partly 
hydrolyzed, giving Ca(OH). and 2CaO-Si0.-H,O0 1, and partly hydrated 
without liberation of Ca(OH)... At higher temperatures, liberation of lime 
was almost prevented and direct hydration took place. This hydrate had 
the composition 3Ca0O-SiO2-2H.0. 


Kohler’ heated 3Ca0O-Si02, 2CaO-SiO2 and CaO-SiOz in bombs with water 
at temperatures of 150-190 C. After three days at 150 C, the first two gave 
only amorphous products; while, at 200 C, minute needle-like crystals were 
produced. The CaO-SiO. was unchanged at temperatures up to 200 © 
The 2CaO-SiO, heated at 212 C for 10-14 days gave a product similar, if 
not identical, to hillebrandite. Likewise, 3CaO-SiO. heated at 212 C gave 
erystals of hillebrandite and crystals of Ca(OH)». 


Foret® studied mixtures of CaO and quartz and found that mixtures of 
1CaO:SiO2 heated with water under pressure gave one form of CaO-SiO,-H.O 
below 140 C and another form above this temperature. When the ratio was 
2CaOASiO2, the low temperature form of CaO-Si0.-1,0 was produced at 
temperatures below 130 C but, at higher temperatures, all of the CaO dis- 
appeared and the water of hydration decreased. With higher ratios and 
higher temperatures, it appeared that three or four molecules of lime were 
absorbed but all of the samples above 130 C gave the X-ray pattern of the 
high temperature form of hydrated monocalcium silicate only. 

According to Taylor and Bessey,® 13 naturally occurring hydrated calcium 
silicates have been reported but only seven have been unquestionably estab- 
lished as individual minerals (Table 2). 


For the other SIX, they state “’Truscottite, reyerite and centrallisite appear 


to be impure forms of gyrolite, while the name riversideite has been shown 
to have been used for two different minerals—foshagite and crestmoreite. 


*It will be brought out later that the sample of hillebrandite used for their X-ray pattern was not typical of 
most samples of this mineral 
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TABLE 2—DATA FOR NATURAL HYDRATED CALCIUM SILICATES 
FROM TAYLOR AND BESSEY 


Refractive indices Optical 
Elonga- sign, Density 
form : tion etc 


Mineral Formula* Crystal 


Okenite CSill2 Fibrous 
Gyrolite CwWalle Lamellar 

? Trigonal 
Xonotlite CSHo.r0.% Fibrous 


Biax. — ve 
Uniax 


ve 

11 extn 

+ ve elong 
Biax. + ve 
” 


Crestmoreite CWSWolles Fibrous ve 
”° 


Foshagite CSalls 
Afwillite CwWSalls Prisms 

? Monoclinic 
Hillebrandite CASH Fibrous 


prisms 


; S = S8i0O27, H = Hy. 


The individuality of tobermoreite (CyS;H,) and plombierite (CSH2) can 
hardly be regarded as certain in the absence of X-ray evidence.” 


Flint, MeMurdie and Wells!® made a comprehensive study in which they 


treated precipitated hydrated calcium silicate, calcium silicate glasses and 
crystalline anhydrous calcium silicates with liquid water under pressure at 
temperatures up to the critical point (374 C at 218 atm.) and with steam at 
temperatures above 374 C. Gyrolite was formed at temperatures of 150- 
-400 C; xonotlite was formed at temperatures of 165-395 C; and foshagite 
was formed at temperatures between 300 and 350 C. 

Amorphous hydrate with CaO:Si0, ratio of 0.80 at temperatures of 150- 
275 C gave a single phase of distinctive X-ray pattern and a composition 
corresponding to 4CaO0-5Si02-5H,O. At 300 C, the product was xonotlite. 

Amorphous monocalcium silicate hydrate at 150 CC ecrystallized to 
CaO-SiOe-H,O which had a distinctive X-ray pattern. However, in the 
presence of higher molar ratios of lime to silica, CaO-SiO.-H2O was formed 
at temperatures as high as 350 C. 

Amorphous hydrate of molar ratio 3Ca0:2Si0, heated between 150-400 C 
did not yield afwillite but crystallized partially to CaO-Si0.-H.0 at the 
lower temperatures and to xonotlite at the higher temperatures. Anhydrous 
3CaO-2Si02 treated at 250 C was converted to an unidentified hydrate. 

Anhydrous 3Ca0-SiOz treated at 500 C (380 atm.) was converted to a 
low temperature or 8 form of the anhydrous compound. It inverts to the 
high .emperature form at 1024 C. 

The compound 10Ca0-5Si0.-6H.0 was formed from 8 and y 2CaO-Si0., 
3Ca0-SiO2 and mixtures of lime and silica gel at temperatures of 100-200 C. 

Tricalcium silicate treated with water between 200 and 450 C hydrated 
directly to 3CaO-Si0,-2H,0. 

Treating 10CaO0-5Si0.-6H.0 at 450 C for one week changed it to 
6CaO0 -3Si02-2H,O0 with a distinctive X-ray pattern. Treating 2Ca0-Si02 
gel at 225 C for 45 days gave 2Ca0-Si0.-H,0. 

Bessey"! reported in 1938 that he had formed 3CaO-Si0.-2H.O0 and two 
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TABLE 3—PROPERTIES OF THE SYNTHETIC COMPOUNDS IN CaO-SiO.-H,.O SYSTEMS 


Refractive indices* 


Compound Crystal form Optical sign, et 


CywSH2 Needles ’ 11 extinction 


elong ation 


CSHi1+e Orthorhombiec plates 30 11 extinetion, 
a —hydrate elongation, biaxial 
4 » OS 


SH Needles or fibers Me: 07 HOO Very low biref., 
hydrate 11 extinetion 
elongation 
CaS Ho- 31 +¢ Finely crystalline Me: ? 
hydrate materia 


CoSHo-er Pseudomorph of Me: 
6 —hydrate CW a-—hydrate 


CSH Finely crystalline Me: extinetior 
material (rods elongation 


CwWeslls Acicular Mean f elongatior 


*Figures quoted are the limits given in published data 


forms of hydrated 2CaO-SiO, and Taylor and Bessey® give the properties 
of the synthetie hydrated silicates in the lime rich part of the system shown 
in Table 3. 


Tricalcium silicate hydrate: 3CaO-SiO,.-2H:O 
Abstract of comments by Taylor and Bessey® 


This compound is formed when 3CaO-SiO, is heated in the presence of steam at 
temperatures between approximately 150-500 C. At lower temperatures, 3Ca0-SiO, 
hvdrolyses at least partially to 2CaO-SiO., 1 —1-25H.0 and Ca(OH) Flint, MeMurdie 
and Wells obtained 3Ca0O-Si0,-2H,O from 3CaO-SiO. in the presence of additional 
lime and from anhydrous mixtures of initial CaO:SiO, ratios of 3 or 4 at 275 C and 


above. The water content of 3Ca0O-SiO.-2H.O has been found to vary between 1.3 to 
2.0, 


2.0 mols by the different investigators. Bessey suggested that the correct. value is 
with 0.5 mols more easily lost than the remainder Sessey and Taylor, in independent 
studies, have found this compound to be inert to water. Taylor found no change in 
OS days at 20 C and Bessey found very little hydrolysis after 70-100 days 


Dicalcium silicate a hydrate (Hydrate A or |): 2CaO-SiO,-1-1-25H.O 
Abstract of comments by Taylor and Bessey? 


This compound was first isolated by Thorvaldson and Shelton from steam-cured 
portland cement-sand mortars, its formation being attributed partly to hydration and 
hydrolysis of the cement constituents, and partly to reaction between lime liberated 
from the cement and silica sand. It has been obtained either from lime with silica gel 
or quartz, or from hydrous mixtures of 2Ca@O-SiO, composition at temperatures usually 
below 200 C. It is also formed from 8 and y 2CaO-SiOz at temperatures below 200 C 
and by the hydrolysis of 3CaO-SiO, under hydrothermal conditions. The water con- 
tent is not known with certainty. According to Thorvaldson and co-workers, it is stable 
towards aqueous solutions of Na.SO,, CaSO, or NaOH, but is attacked slowly by WUgS0O, 
or Na,CO 3 and rapidly by dilute acids and ammonium salts. These reagents attack 
steam-cured portland cement mortars in the same order, and the above Investigators 
considered it likely that its formation in the latter was partly responsible for the im- 
provements in properties 
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Dicalcium silicate 6 hydrate (Hydrate B or Il): 2CaO-SiO,-H.O 
Abstract of comments by Taylor and Bessey® 
Thorvaldson and co-workers and Flint, McMurdie and Wells, basing their views on 
the early X-ray pattern for the natural mineral hillebrandite obtained by Vigfusson, 
considered that the artificial or 8 -hydrate was not identical with the natural mineral. 

Recent X-ray studies on hillebrandite show spacings different from those reported by 

Vigfusson which agree well with those of the 8 hydrate. This compound is formed from 

lime-silica mixtures with CaO:SiO, ratios of 2 or above at temperatures of 150-225 C 

but does not appear to be formed readily from 8 or y 2CaO-SiO:. Keevil and Thor- 

valdson prepared it from 6 2CaO-SiO, but it was never free from @ and y hydrates. 

This compound appears to be very stable because Thorvaldson reported that natural 

hillebrandite was unaltered after autoclaving for 11 days at 160 C. 

Taylor,'? in a later study, compared the X-ray patterns of hillebrandite 
and what he considered to be pure dicalcium silicate 8 hydrate and found 
a close resemblance extending even to the shortest spacings observed but also 
some distinct differences. These include a general slight dimunition of the 
spacings. ‘Taylor then states 

It is probable that, while the natural and artificial products are essentially similar, 
the structure of the former, hillebrandite, is very slightly modified by some kind of 
solid solution. To avoid confusion, it may be considerad desirable to restrict the 
names hillebrandite and dicalcium silicate 8 —hydrate to the natural and artificial 
substances respectively. 


Dicalcium silicate ~ hydrate (Hydrate C or Ill): 2CaO-SiO,-0.3-1.0H,O 
Abstract of comments by Taylor and Bessey® 
This compound is formed from 8 or y 2CaO-SiOz at temperatures higher than those 
used to produce the a and 8 products. Keevil and Thorvaldson prepared the product 

at temperatures above 170 C; Bessey prepared it at 190 C; but Flint, MeMurdie and 

Wells obtained the @ hydrate at 200 C and the y only at 250 C. There appears to be 

no clear record of its formation from lime-silica mixtures but Jander and Franke may 

have prepared it at temperatures of 300-350 C. The water content of the compound 

has not been established definitely but it appears that it might be 0.5 mols. 

Table 3 from Taylor and Bessey® includes a 6 hydrate 2CaO-Si02-0.6711,0. 
This is the phase reported by Flint, MeMurdie and Wells as a pseudomorph 
formed from 2CaO-SiO2-1-1.25H.O @ hydrate at 450 C. It is not clearly 
established whether this compound is different from the y hydrate. 

Taylor and Bessey® state 

The formation of CaO-SiO.-HO from lime-rich mixtures has been reported by 

Flint, MeMurdie and Wells and by Foret; it seems to be established that this com- 

pound tends to form in mixtures richer in lime than its own composition but it seems 

likely that it does so only as a metastable phase. 

Heller and Taylor heated mixtures of Ca(OH)» and silica in the ratio of 
1C'aO:1Si02 in some cases and, in others, calcium silicate hydrate (1) which 
had been prepared by one of the methods described in Part I* with water at 
temperatures of 100-350 C. The quantity of water was such that both 
liquid and vapor phases were always present. They found that calcium 


silicate hydrate (1) was the stable phase at temperatures up to about 130 C 


and that xonotlite and another crystalline phase existed above 130 C. Calcium 
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silicate hydrate (1) was present in preparations treated for short periods 


above 130 C but it disappeared upon prolonged treatment. Hence, it was 
present in those as an intermediate product. They found xonotlite to be 
formed between 160 and 350 C and that it appeared to be the sole product 
between 200 and 300 C. Above this temperature, a new phase appeared, 
which they concluded was a compound CaQ-SiO,-H.O described by Flint, 
MeMurdie and Wells as a product obtained by them at temperatures above 
150 ©, 

Heller and Taylor's continued their studies of the hydrated calcium silicates 
by heating mixtures of Ca(OH)» and silica in the ratio of 3CaO0:2Si0z2 in the 
presence of water and water vapor at temperatures up to 200 C. These 
mixtures gave calcium silicate hydrate (I) at temperatures up to 130 © 
This compound was obtained in preparations heated for short periods up 
to 180 C. Heating for 54 or more days at 140 C gave products containing 
calcium silicate hydrate (I) and afwillite. In no case was the heating con- 
tinued long enough to eliminate the former product. Preparations heated 
for 14 days at 180-200 C gave X-ray patterns that were difficult to interpret 
but indicated xonotlite and hillebrandite (2CaO-SiO, 8 hydrate) as the 
principal products with the possibility of the presence of 2CaO-SiO» a hydrate 
also. 

Heller and Taylor'?, in later studies, heated mixtures of Ca(OH). and 
silica in the ratios of 2:1 and 3:1, 8 and y 2CaO-SiOs and 3CaO-SiOz, with 
water and water vapor at temperatures of 100-200 C, 

They found that mixtures of Ca(OH). and SiOz in the ratio of 2:1 produced 
calcium silicate hydrate (I) and afwillite at temperatures of 110-180 C 
Heating for 200 days at 110 C converted the preparation to afwillite and a 
little caletum hydroxide. Heating at 180 C for 30 days produced 2Ca0-Si0, 
8 hydrate with a little calcium silicate hydrate (1) and heating for 23 days at 
200 C produced 2Ca0-SiOs y hydrate with a little of the 2CaO0-SiO». a and B 
hydrates. 


Formation of calcium silicate hydrate (I) 
Abstract of comments by Heller and Taylor"? 


This product was obtained from Ca(OH). and silica gel, 8 and y 2CaO-SiO. and 
3CaO-SiO> as starting materials. The temperatures at which it was found ranged 
from 104-180 CC. It was not obtained from 3CaO-Si0. above 120 C. For any given 
combination of temperature and starting material, the proportion of calcium silicate 
hvdrate (1) relative to the other products tended to decrease with the time of hydro 
thermal treatment. The same was true of the lower CaO:SiO, ratio products (Parts I] 
and TIT). Caleium silicate hydrate (1) is formed as the first’ product of the hydro 
thermal treatment of all of these products up to some limiting temperature in each 
case and subsequently changes into other products, depending on the temperature and 
composition. This explains Foret’s® observation since the starting materials (lime and 
quartz) are not very reactive and the time of her experiments (6-8 days) were relatively 
short. Her results suggest that calcium silicate hydrate (1) can be produced from lim 
and quartz at all temperatures up to 300 C. It. is probable that, at the lowest temper 
atures studied (100-110 ©), calcium silicate hydrate (1) is not a stable product With 
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Ca(OH), and SiO, in the ratio of 2CaO0:1Si0., this compound was present with 
afwillite after 63 days at 110 C but, after 200 days, afwillite was the only product. 
Bessey obtained afwillite from such a mixture at 98 C. 

With 3Ca0-SiO, as the starting material, calcium silicate hydrate (I) and 
Ca(OH)». were obtained in seven days at 104 C. However, Flint, McMurdie 
and Wells obtained 2CaO-SiOz, a hydrate in 14 days at 100 C. Heller and 
Taylor obtained a hydrate at 110 C and above, and concluded that 2CaO-Si02 
a hydrate and Ca(OH). were the final products above 100-110 C. 

Afwillite is formed only under widely different hydrothermal conditions. 
The highest temperature at which it was obtained was 160 C. Most of the 
earlier investigators concentrated on higher temperatures and this probably 
explains their failure to produce this compound. 


Formation of dicalcium silicate hydrates 
Abstract of comments by Heller and Taylor'* 
After sufficiently prolonged treatment at temperatures above 140 C, the mixture 

or compounds of CaO:SiO, ratio 2:1 gave principally dicalcium silicate a, 8 and y 

hydrates. At 140 C, a hydrate was the main product in experiments of short duration. 

It seems to be a transition product when formed from materials of its own com- 

position even at low temperatures. At 180-200 C, mixtures of two or all three hy- 

drates are obtained, which show the difficulty of attaining equilibrium. It is note- 

worthy that the hydrolysis of 3CaO-SiO, at temperatures between 100 and 200 C 

always yields the a and never the 8 or y hydrate. It appears probable that, in the 

presence of Ca(OH)., the a hydrate is the stable form over this range of temperature. 

Kalousek!® studied the products previously referred to* by differential 
thermal analysis and X-ray methods after being subjected to autoclaving 
in the presence of water at temperatures of 130-150 C. His conclusion is 
that 2CaO-SiO, a hydrate is the stable product in such products and that 
the 8 and vy hydrates are transition products. He states “It is, therefore, 
not surprising that the alpha-hydrate has been observed in autoclaved cement 
pastes.” 

Taylor'® studied a lightweight sand-lime block made by autoclaving a 

:2 by weight wet paste of quick lime and fine quartz at 183 C. Chemical 
analysis of the block indicated the following percentage composition: hy- 
drated calcium. silicate—58.3, quartz—38.3, calcium carbonate—3.2, and 
calcium hydroxide—0.2; and the composition 1.28CaO:Si0,2-2.05H,O for 
the first constituent. 

X-ray examination of the crushed material showed the presence of quartz, 
calcium carbonate and gave lines by which the hydrated silicate was identified 
as calcium silicate hydrate (I). Studies of two other sand-lime block did 
not yield conclusive evidence of the presence of this hydrate in them. 


Bernal, Jeffery and Taylor’? summarize the work done in their laboratory 
on the system CaO0-Si0O.-H,0. They point out 2CaO-SiO. a hydrate is 
probably the principal hydrated calcium silicate in high-pressure steam- 
cured portland cement products. They also point out that high-pressure 
steam curing, as compared to curing at ordinary temperatures, produces 
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hydration products with lower contents of water of hydration and with 
larger crystals and state “Either of these effects might be responsible for the 
decrease in moisture movement.” 


Under the heading ‘‘ Possible Causes of Shrinkage and Moisture Movement,” 
they state 

As has already been mentioned, calcium silicate hydrates (1) and (11) possess layer 
structures in which the distance between layers is dependent on the water content, the 
latter in turn can be varied by changing the temperature, or the vapor pressure over the 
substance. Calcium silicate hydrate (I) has been dehydrated at constant temperature 
and at constant pressure and the results show that dehydration is reversible on 
heating to about 100 C. 

The fiber direction of calcium silicate hydrates (1) and (II) is contained in the 
plane of the layers. Consequently, changes in the water content of these substances 
will affect the thickness, but not the length, of the crystals 

It may be possible to account for the phenomena of shrinkage and moisture move 
ment on the basis of these properties. The reduction in shrinkage and moisture 
movement brought about by steam curing or dry heating might be explained in part 
by the formation of the hydrate in a state in which subsequent alterations in water 
content occur to a smaller extent or less readily than in normally cured cement. At 
the same time, it cannot be overlooked that shrinkage and moisture movement may 
be effects occurring on an inter- rather than an intra-crystalline scale 


REACTIONS IN THE SYSTEM CaO-SiO.-Al,O;-Fe,O;-SO;-H,.O AT ORDINARY 
TEMPERATURES 


According to reviews by Steinour,'®'® cubic 3CaO0-Al,0;-6H.0 is the 
stable calcium aluminate in solutions saturated with Ca(O//)., although 
1C'a0-Al,Og-ag. and 2CaO-Al,O3;-aq. generally are the first to crystallize 
from such solutions. Apparently, none of these aluminates form so long 
as calcium sulfate is available to react with them and form either 3Ca0- 
Al,O3:3CaSO,4-ag. or 3Ca0-Al,O3-CaSO,4-aq. The work by Jones'® indi- 
cated that, at early ages, 3CaO-Al,03;-3CaSO,-aq. would be the first com- 
pound to form and that, after all of the CaSO, is so combined, this is gradually 
converted through a series of solid solutions to the lower end member 
3CaO-AlsO3-CaSO,-aq. which reacts with additional aluminate tending 
toward a final composition of 5CaO-Al,0,-aq. 


Kalousek!? showed that solid solutions of 3C0O-Al.0;,-CaSO,-12H.0 and 
3C a0 - Al,O3-Ca(OH).-12H2O (AC a0-Al.G3-12H20) formed a series of solid 
solutions. ~ He believed; from differential thermal ‘analysis data, that 
3CaO- Al,O3-3CaSO,4-aq. formed first and then decomposed into the low 
sulfate form and the solid solution of it with 4Ca0O-Al,0;-12H.0. He also 
believed that the Fe,0; may go through the same steps. Eventually, these 
phases and the hydrated calcium silicates form one phase which he calls 
Phase X. Kalousek'® believes that the layer structure for calcium silicate 
hydrate that is indicated by Taylor’s work* might, by reason of its large 


spacings, provide the framework for such a composite product, even at 
elevated temperatures, 
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Kalousek!*® suggested that the following solid solutions might form in the 
system Ca0-Al,0;-SO3-H.0 


6CaO0-.ALO,-XHO 6Ca0-ALOs-3SO,-31HLO 
(Hypothetical) 


5 2 
1Ca0-ALO,-13HLO 1CaO-AlLOs-SO,-12H0 


9 
” 


3CaO0-ALO;-12HO 


Later, Flint and Wells? discovered the 6CaO-Al,0;-XH2O0 compound and 
observed that its X-ray pattern was indistinguishable from that of 6Ca0- 
Al,O3:3S0,-31H20, thus confirming Kalousek’s prediction. They also 
prepared 3Ca0-Al,03-3CaSi0;-aq. and 3Ca0-AlO;-CaSiO;-aq. 

Klint, MeMurdie and Wells*' prepared garnets and hydrogarnets by heat- 
ing glasses with water under pressure at temperatures of 100-250 C. They 
found that isometric 3CaO0-Al.0;-6H.O and isometric 3Ca0-Fe.0,:-6H.O 
and the two garnets (8CaO-Al,03-3Si0, and 3CaO-Fe.03,-3Si02) formed 
complete series of solid solutions with each other. Their work indicated 
that small amounts of SiO. were needed to stabilize the solid solutions of 
the aluminate and ferrite at temperatures of 100 C. They also found, when 
1CaO-Al,O;-FesO; was allowed to react in a large amount of water, that 
the reaction products were 3CaO-Al,O3-6H2O and a finely divided reddish 
material. However, when a paste of 10 g of this compound and 5 g of water 
was sealed in a glass vial for six days, the reaction products were the same 
finely divided reddish product and isometric crystals with indices of refrac- 
tion greater than those of 3CaO-Al,.0;-6H,0. This indicated that the iso- 
metric crystals were a solid solution of 3CaO0-Al,03-6H0 and 3Ca0-Fe03;- 
61.0. Hence, they pointed out the possibility of such products forming 
in portland cement pastes. 

Malquori and Cirilli?? presented evidence pointing to the existence of 
solid solutions of 4Ca0O-Fe,03-aq. and 4CaO-Al,O3-aq. They confirmed the 
work of Flint, MeMurdie and Wells that 3CaO-Al.03;-aq. and 3Ca0O-Fe.03-aq. 
form solid solutions and were able to get such products with less than | 
percent S7O.. They prepared solid solutions of 3Ca0O-Al,03-3CaSO,-aq. 
and 3Ca0O-Fe.03-3CaSO,4-aq. When 4Ca0-Al,03;-Fe203; was hydrated in a 
solution constantly saturated with Ca(OH ).o, a white crystalline solid solution 


of 4CaO-Al,O3-aq. and 4CaO-FesO;-aq. was obtained. Carrying this hy- 


dration out at 20-25 C formed the tetra calcium solid solution but this gradu- 
ally changed to a solid solution of 38CaO-Al,O3-aq. and 3C a0 - FesO)3- aq. 
They believe that such a solid solution is formed when cement hydrates and 
state “The greater resistance to sulfates exhibited by cement with a low 
AlOs:F e205; ratio and devoid of or containing little free aluminate can be 
ascribed to the existence of such solid solutions in which alumina is associated 
with ferric oxide.” 
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Malquori and Cirilli hydrated 4CaO0- ALO ;-Fe.03, 5 g with 400 ml water, 
and obtained a reddish solid. They then added sufficient CaO to form 
1aO- FeO; and 4Ca0-AlO; and then added CaSO, in consecutive portions 
until no more sulfate combined. The sulfate combined was equivalent to 
3C a0 - Fe.03-3CaSO,-aq. and 38CaO-ALO;-3CaSO,4-aqg. This experiment was 
repeated, except that a saturated solution of lime water was used instead of 
water. Hydration to a white product was rapid. However, when CaSO, 
was added to this, the sulfate combined at a slower rate than it did in the 
first experiment. This they attributed to the presence of a solid solution of 
1CaO-Fe.O;-aqg. and 4CaO-Al,O3-aq. in the solution. They prepared the 
compound 2Ca0-Al,O3-SiOe-NHO and found that it was not resistant to 
sulfates. 


REACTIONS IN THE SYSTEM CaO-SiO,-Al.O;-Fe,O:-SO;-H,O AT ELEVATED 
TEMPERATURES 

Very little work has been reported on the aluminates and ferrites at ele- 
vated temperatures. Kalousek?* reports that Lafuma and Brocard, as well 
as Kalousek and Adams, found that 3Ca0-Al,0;-CaSO,4-13H.0 decomposed 
to 3CaO0-Al,0;-6H20 and CaSO,4-2H,0 in an autoclave at 140 CC. Lafuma 
and Brocard found that 3Ca0-Al,03-3CaSO,-aq. decomposed to the low 
sulfate form at temperatures between 60 and 100 C. 

Flint and Wells, as reported previously, prepared garnets and hydro- 
garnets at temperatures of 175-250 C. They prepared solid solutions of 
3CaO-Al,O;-aq. and 38Ca0-Fe,0;-aq. at 100 C but relative freedom from 
FeO; was achieved only when the products took up considerable SiO. from 
the reaction vessels. This may indicate that the 3Ca0-FeO,-aq. is not 
stable at 100 C, except as a solid solution containing ALO; and S70¢. 


SUMMARY 


In the manufacture of high-pressure steam-cured portland cement  prod- 
ucts, it appears from this review of the literature that, during the 2-hr 
curing period at ordinary temperatures: 

1. Some of the 3Ca0-SiO, will have reacted to give Ca(OH). and either ealeium 
silicate hydrate (1) or (II), probably the latter. 
2. Some of the 2CaO0-SiO, will have reacted to give either calcium silicate hydrate 

(1) or (II), or both. 

3. Some of the 3Ca0-A1,0;, will have reacted with CaSO,-2H.,0 to give 3Ca0- ALO - 
3CaSO,.-31HO 

$1. Some of the 4C'aO-Al,O 3: FeO; will have reacted with CaSO,4-2H,.O and Ca(OH), 
released by 3CaO-Si0. to form. solid solutions of 3C a0 > ALO s:3CaSO,-aq. and 
3C'aO- Fe ().-3¢ aSO, aq. 


As the blocks are heated, the rates of these reactions probably are acceler- 


ated until the temperatures approach and exceed about 100 C. It appears 


that, at these temperatures, the 3CaO0-Al.O; probably reacts with water to 
form 3C'aO0-Al,0;-6H.O. It may be that the 4Ca0-AlO,-FeOs reacts with 
water and Ca(OH). to form a solid solution of 3Ca0-Al,.0;-6H,O and 
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3C a0 -Fe,03-6H,0. The sulfoaluminate and solid solutions of sulfoaluminate 
and sulfoferrite probably are decomposed to 3CaO-Al,03-6H20 and 3Ca0- 
Fe.0;-6H2O and CaS0O,-2H.0. Solid solutions of the aluminate and ferrite 
might be formed in this decomposition. 

As the temperatures approach and exceed 100 C, the 2CaO-SiO, and 
3Ca0-SiO. may form calcium silicate hydrate (1) or (11) which, in turn, 
change to 2CaO-SiOz-aq. a hydrate. Some of the 3CaO-SiO. may possibly 
hydrate directly to 3CaO0-Si0,-2H.,0. The Ca(OH), released by the 
3Ca0-SiO, will combine with the powdered quartz, probably forming first 
the low-lime form of calcium silicate hydrate (1). This probably reacts with 
additional Ca(OH). to form 2CaO-SiOz @ hydrate. Although the ratio of 
CaO:Si0, in the cement-finely divided silica paste is less than 1:1, it seems 
very certain that the reaction between the Ca(OH), and silica will be limited 
to the surfaces of the grains of silica during the relatively short period of 
8 hr at the top temperatures and pressures. 

Flint, MeMurdie and Wells demonstrated the formation of garnets and 
hydrogarnets by hydrothermal methods in systems similar to the cement- 
silica paste system. It seems that it might be possible for such products to 
form in high-pressure steam-cured products if the heating period were suf- 
ficiently long. However, at first, each grain of cement probably reacts so 
rapidly with water or steam as to give the effect of reacting essentially as 
individual compounds rather than as a mixture. After these initial reactions 
are complete, the reaction products might then go into solution and form 
more complex products. ‘This reasoning is borne out by the fact that 


Thorvaldson found 2CaO-SiO,-aq. a hydrate in high-pressure steam-cured 
portland cement products. 


Another possible reaction in these systems at elevated temperatures and 
pressures is that suggested by Kalousek'® in which all of the oxides enter 
into one structure which he calls Phase X. The fine-grained nature of the 
reaction products makes it difficult to identify the phases in the commercial 
products. However, the fact that 2CaO-SiOz, a hydrate has been identified 
in autoclaved portland cement products and that calcium silicate hydrate (I) 
has been identified in an autoclaved sand-lime product shows that progress 
is being made in determining the structures of these products. 
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SYNOPSIS 


It is the purpose of the manual to present recommended methods of pre- 
paring drawings for the fabrication and placing of reinforcing steel in rein- 
forced concrete highway structures. Typical drawings illustrate the use of 
the standard methods. 


EDITORIAL NOTE 


It had been the intention of Committee 315 and also the Technical 
Activities Committee that the proposed manual would be presented 
to the 49th annual convention for adoption as an Institute Standard 
and then submitted to letter ballot of the membership. However, 
since the proposed manual did not reach the ACI Standards Com- 
mittee in sufficient time for evaluation, special procedure was pro- 
posed by the Technical Activities Committee and the ACI Board of 
Direction to facilitate the manual’s distribution to ACI membership 
upon its release by the Standards Committee. 

*Title No. 49-61 is a part of copyrighted JournaL or THE AMERICAN Concrete Insrrrute, V. 24, No. 9, 
May 1953, Proceedings V. 49 Separate prints are available at 35 cents each Discussion (copies in triplicate) 
should reach the Institute not later than Aug. 1, 1953 Address 18263 W. MeNichols Rd., Detroit 19, Mich. 

This report was approved in form and substance as here submitted by the following members of the committee 
Raymond C. Reese, Raymond Archibald, F. H. Beinhauer, E. E. Ebling, L. H. Hench, D. E. Hoeffel, Frank 
Kerekes, J. M. Kerr, C. J. Kuhn, H. L. Neve, F. L. Plummer, A. M. Reese, E. E. Rippstein, and J. F. Seifried 
The remaining members of the committee were appointed subsequent to committee action on this report It 


is released by the Standards Committee for publication and discussion with view to its consideration for adoption 
by secret letter ballot. 
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Acting in conformance with Article V of the ACI Bylaws, the follow- 
ing motion was placed before the 49th annual convention and carried 
unanimously. 

“If the Manual of Standard Practice for Detailing Reinforced Con- 
crete Highway Structures is approved and released by the Standards 
Committee, a description of the manual shall be published in the ACI 
JOURNAL, and when 60 days have elapsed subsequent to such publi- 
cation to permit discussion, Institute members are to be polled by 
secret ballot on the question of adopting the manual as an Institute 
Standard.”’ 

The description, with two typical drawings, follows. Closing date 
for discussion of this report is Aug. 1, 1953. 


The Manual of Standard Practice for Detailing Reinforced Concrete Highway 
Structures 18 a companion volume to the Manual of Standard Practice for 
Detailing Reinforced Concrete Structures (ACI 315-51). It is almost un- 
necessary to recall the fact that seventy-odd thousand copies of this latter 
manual have been distributed since its original appearance, nor to recount 


how much it has improved the appearance of framing plans for buildings, 


their clarity and completeness. Design drawings for highway structures 
differ somewhat from those for buildings in that the complete plans and 
schedules (even the bar details) can be prepared at the time the original 
design drawings are produced, while in the case of buildings it is often necessary 
to wait until all of the mechanical contractors have completed their details 
before final information is available on just what provisions are going to be 
required in the concrete frame, thus necessitating a general design drawing 
and subsequent placing plans. 

The “Highway Manual” covers the detailing of highway structures in 
much the same manner that the original manual covered the detailing of 
building construction, the only difference in material being that while the 
latter conforms completely to the “Building Code Requirements for Rein- 
forced Concrete (ACI 318-51),” the former follows also the specifications of 
the American Assn. of State Highway Officials. While the differences between 
these specifications are minor, they do vary somewhat in the amount of pro- 
tection required over the reinforcing bars and the amount of lap at splices. 

In its present form, this manual describes the methods and standards for 
making drawings; shop practices in the way of fabricating hooks, bends and 
ties; offers some helpful hints to detailers and checkers in the way of “do's 
and don’ts;” and describes fabricating and erecting practices quite thoroughly. 
Folding plates taken from the best representative practices of all 48 states 
illustrate complete drawings for such structures as deck girder bridges, 
bridge piers, steel beam spans with concrete slabs, pile trestles, slab bridges, 
concrete arch bridges, retaining walls, culverts, double box culverts, arch 
culverts, and standardized headwalls and miscellaneous structures. 

This book does for the highway field what the original volume did for 
buildings and related structures. At present to be issued as a separate volume, 
it is contemplated that these two manuals may some day be presented as a 
single volume. 
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Letters 


BY WAY OF SYNOPSIS 


\. P. Mason describes briefly the free-span construction of reinforced 


concrete bridge 


LL. S. MtLier presents a nomograph for determination of maximum field 


moments, moment null-points, and bend-up points of bars for continuous 


slabs and beams loaded by uniformly distributed load 


The Eprror answers a query on repair of concrete and terrazzo floors 


Free-Span Bridge Construction (LR 49-17) 


Referring to the arti le, “Free-Span Pre- conerete had not been developed, but the 


stressed Concrete Bridge,” by UU. Finster- reinforcement was provided in 15-ft lengths 


walder, in the November, 1952, issue (p and the splices were staggered in groups at 
225), JouRNAL readers may be interested 5-ft intervals, enabling 5 ft of the bridge to 
il knowing that the same method of con- he constructed ut oa time No. elaborate 
struction Was applied to a bridge erected plant was used There was « trolley on each 
in 1937 This bridge had a center Span ol cantilever from which the formwork 


150 ft and two side spans of 60 ft which 


Wiis 
suspende 1. but the greater part of the weight 
served to counterweigh it during construction was carried by the formwork 


\ 


cantilevering 


In those days, the technique of prestressed off the fixed formwork behind The sus 


q i ———. 
Free-span construction of reinforced concrete bridge 


*A part of copyrighted JouRNAL OF THE AMERICAN Concrete InstiruTe, V. 24, No. 9, May 1953, P 
V. 49. Separate prints of the entire Letters from Readers section are 


Me Nichols Rd., Detroit 19, Mict 


available at 35 cents each Address 18263 W 
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pended formwork consisted — of 


the 
top 


scaffolding 
boards resting on 


the 


rungs of ladders sus- 


The 


moving all concrete and other materials was 


pended Irom cableway for 


discarded colliery rope suspended between 


trees on either side of the river, the motive 


old 


the haulage rope passing round one of the 


power consisting of an Austin car with 


AMERICAN CONCRETE INSTITUTE 


May 1953 


Finished bridge prior to comple- 
tion of road approaches 


back wheels from which the tire was removed 
All this only goes to show that “there is 


nothing new under the sun.” 


A. P. Mason, Chief Engineer 
The British 


erete 


Reinforced Con- 
Ltd., 


engineering Co., 


Stafford, England 


Nomographic Chart for Uniformly Distributed Load (LR 49-18 


\ useful time saving nomograph (Fig. 1) 


may be the 


constructed for 
field null- 
points, and points permitting bending-up of 
bars for 


determination 
of maximum moments, moment 
continuous slabs and beams loaded 


by uniformly distributed load. 


Geometry of the device 

The geometrical problem is to find the 
intersections of the straight line determined 
by the support moments, and of the parabola 
of the freely supported beam, the maximum 
the latter the 


moments (7.e., the point where the 


ordinate of line of 


under 
negative 
tangent is parallel with the straight line), 
and division of the parabola segment so that 
the abscissae should correspond to the bent- 
up bar areas. 


This 
figure at bottom of chart): 


may be achieved as follows (see 
The equation of the parabola is: 
wl wx 
x - 
9 9 


- 


The equation of the straight line of support 
moments: 


Their 
eXpressions;: 
Vi, Vo, 
wl 


intersection equating both 


Substituting: 


V awl 


where 


Writing 


max My, 


») 


and the kth bar may be bent up, where 


} 
» 
~ 


=s{ 


and e ure 


The 
form of nomographs. 
The 


shown as 


values of y, 6, drawn 


up in 


the 
negative 


and 8 is 
under, and as positive 
(for wind moments) over the null value. 


sign of coefficients a 


After having determined by some method 
the support moments, fix @ and B, and read 


from the nomographs y, 6, and « 
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14,050 ; 21,950 
0.052 £8 0.081 
1600 132 


Example 
a 
1600 * 13 
From Fig. 1: y = 0.059, 6 = 0.129, « = O.815 
16,000 ft-lb 


For a rectangular beam: 
1HO00 & 13% & 0.059 


L 13 tt w 1600 Ib per ft 


MU oo 21,950 ft-lb max M y 


M, 14,050 ft-lb. 
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0.120 K 169 21.8 in. 
O.815 &K 169 138 in. 


218 
79.9 In, 
2 


10 in., d 1 ft ‘4in., D 1 ft 2 in. 


1.01 sq in.; so use 4— #4 plus | 5 bars 
r 138 —21.8 


58.1 in. 
2 2 


Bending up: 1— #4 plus 1 — #5 bars 


Repairing Cracked Floors (LR 49-19) 


What is the best way to repair cracked 
terrazzo or concrete floors? 
A READER 


From the few references to the subject 
available, it appears that the repairing of 
cracking in a terrazzo or concrete floor pre- 
sents many difficulties. This is particularly 
true if the conditions which caused the 
crack still exist. If movement in the strue- 
ture continues to occur, the eracks, or new 
ones, will reappear and the best recom- 
mendation we can find is to fill the cracks 
with mastic. This practice on a_ terrazzo 
floor may, of course, result in a more un- 
sightly condition than now exists. 

Where conditions are stable, the following 
method of repairing cracks is recommended 
in Staniar’s Plant Engineering Handbook 

“The sides should be chipped (or better, 


cut with a concrete saw) to secure a vertical 


0.196 
58.1 
1.032 
0.444 ; 
8.1 38.1 in. 
1.032 


79.9 = 25.3 54.6 in. and 105.2 in, 


79.9 + 38.1 $1.8 in. and 118 in 


L. S. Muvuuuer, Engineer, 
Palestine Land Development 
Co., Jerusalem, Israel 


surface and thoroughly soaked until they 
cannot absorb further moisture. Then a 
grout of pure cement and water of the con- 
sistency of paint should be broomed into 
the area. While still damp, the patching 
material should be applied and thoroughly 
tamped into place. This material should 
consist of a mix as nearly like the origina! 
material as possible. The mix should be so 
dry that it will retain its shape when squeezed 
in the hand. It should then be trowelled 
to match the adjacent surface.” 

These instructions are for patching con- 
crete so that for terrazzo, the final surface 
would have to be high enough to permit the 
necessary grinding. 

In any case, it might be worth trying the 
method on a small area to observe results, 


before tackling a larger one. 


EDITOR 





Current 


hub) 
iN) 
, j 


dy 
Zig 


Reviews 


of Significant Contributions in Foreign and Domestic Publications 


Simple forms make the job go 
Con ion ethor and Equipment, 55, No. 2, 
Feb. 1953 


Reviewed by M. W 


JACKSON 


Describes construction methods used tor 


concreting footings, foundation walls, and 
miscellaneous conerete work for 21 buildings 
of Army Signal Corps depot, Tobvhanna, 
Pa. All forms were prefabricated in the job 
carpenter shop Desc riptions with 19 photo- 


graphs show many time-saving methods 


Sewerage and sewage treatment 
Harnoup b. Bannit 7th dition, John Wiley & Sor 
Ine New York N \ : > a pp aS 


inclusive 
subject (ey) 


\ generalized ind 
this broad 


to those not specializing in this field is the 


coverage ol 


particular interest 


inclusion of Marston’s method of computing 


loads on buried conduits and a chapte on 


industrial wastes and their treatment Four- 


teen pages are devoted to concrete sewers 


east in place 


Steel girders hung from concrete cantilevers 
Homer M. Haney pines V. 22. Ne 12 
Dee. 1952, pp. 2 

vy Gorpon I 


CHIPMAN 


Steel box girders and concrete box-girders 


ure successfully joined to span O70 tt over 


Washington The 


span ol 250 ft, 


the Portage Canal in 


bridge, with «a maximum 


cost $16.07 per sq it, and replaces the pre- 


viously existing ferry The methad © of 


construction is outlined 


*A part of copyrighted JourRNAL or THE AMERICAN Concrete [NstiruTe, V. 24, No. 4, Ma 
MeNichols Rd., Detroit 19, Mich 


V. 49. Address 18263 W 


the book or article reviewed is in English 


Creep of high-tensile steel wire 

Noe, W. B. Crarke and Francis Wats 

’ Institution « i eng Lond 
2, Mar 953, pp. 107-154 (ineluding 


Ey, P 


Reviewed by Aron L. Mirsky 


Presents results of tests on wire of British 
manufacture For application to prestressed 
concrete de Sign, iuthors suggest use olf creep 
10,000 hours as reasonable 


maximum loss to be expected 


loss in value of 


Concrete curing test 
High / nd Put W \ 31, No 
Dee. 1952, pp. 26-27 
Higuway Researcn Ansrracts 
Feb, 10538 


\ pilot study 
the effects of 


was conducted to determine 
withholding curing treatment 
under conditions that favor the r ipid loss of 
contained moisture due to evaporation from 
the exposed surface of the conerete The 


paper deals mainly with curing by means of 


concrete-curing ¢ ompounds 


Concrete aggregates (Stenmaterial till betong) 
N TPenavik, Cement och Bet ) ‘ } 297. No 
Mar, 1952, pp. 3-11 


sriefly discusses aggregates for concrete 


with reference to production trans 


costs The 


qu ility, 


port, ind Variations of 


ere 
mou numibe r 


that the 


gate costs in Sweden are given 


of graphs, and it is pointed out 


construction may benefit indirect by 


devoting more attention to a proper choice 


ol aggregates 


1953, Proceedings 
Where the English title only is given in a review, 


If it is followed by a foreign title the work reviewed is in that language. 


In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 


original article is indicated in parenthesis following the English title 


available through ACI 
available, will be furnished by ACI on request 


In most cases they can be obtained direct from the original publishers 


Copies of articles or books reviewed are not 
Address, when 
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Coupling of horizontal vibrations of rigid frame 
foundations (Koppelung der waagrechten 
Schwingungen von Rahmenfundamenten) 
(;eora Scumivtr, Der Bauingenieur Berlu 7. 37 
No. 12, Dee, 1952, pp. 437-440 
Reviewed by 


Anon I MURSKY 


Author 


inclusion of base slab in analysis of vibrations 


investigates analytically effect of 
of machine (¢ g., Steam turbine) foundations 
\ numerical example is given 


Concrete bridge over double railway track 

W SCOTT WILSON Sur for London \ 112 Ni 

S174, Jur 1954, pp. 14-14 
Reviewed by M. W. Jackson 


Detailed computations of roadway bridge, 
1S-{t 31-ft width, 
yirders 8.5 ft 


span, consisting of two 


deep supporting floorbeams 
% ft on centers. The floor beams carry pre- 
irched thick, 
on which is pl iced plain conerete to form the 


thick at the 


eust concrete segments 2 In 


balance of the deck, total 6 in 


crown, 9 in. at springing 


Prestressed concrete bars in reinforced concrete 
construction (Der zentrisch vorgespannte Beton- 
stab als Bewehrung von Stahlbeton-Kon- 
struktionen) 

M. Gessner, Betonstein-Zeitung (Wiesbaden), V. 18, 


No. 10, Oet. 1952, pp. 367-369 
Reviewed by Rt 


poLtew F. Fises 


\ prestressed concrete bar with centered 
reinforcement is used to replace the regular 
tensile reinforcement in slabs, and 


T-beams Not 


monolithic 


Joists, 
economical iis 
this 


construction still has some advantages com 


being as 
prestressed construction, 
pared with conventional methods, especially 


for floor and rool construction 


Concrete placed off trestle at Folsom 


Construction Methods and Equipment, V. 35, No. 3 
Mar. 1953, pp. 50-54 


Reviewed by M. W. Jackson 


Describes construction plant for $29,000,000 
dam River near 
1,100,000 
Aggregate 
miles by 


across American 
Calif. More than 
cu vd of concrete will be placed 
truck, 0.6 
plant has 


eonerete 


Sacramento, 


miles by 
Batch 
that 
vd per hour cooled to 50 deg on the hottest 
Diesel buckets. of 
concrete from batch plant to a steel trestle, 


travels 3.5 


conveyor refrigerated 


equipment so it can produce 225 cu 


davs locomotive hauls 


where hammer-head crane, gantry-mounted, 


travelling on rails, lifts buckets to work 


ureas 


AMERICAN CONCRETE 


1953 


Hollow-tile and solid concrete floor slabs 


DoNnovaN Ler, Concrete and Constructional Engines 


47, No. 11, Nov. < 


1952, pp. 331-338 
Reviewed by Gorpon L. Curema 
Presents graphs and tables inh accordance 
with the 


the strength 


sritish Standard Code for checking 


and deflection of solid rein 


slabs. 


the design ol 


forced concrete slabs and hollow-tile 


They can be 
simply-supported 
slabs, if the 


used directly for 


slabs and for continuous 


maximum bending moments 


are determined 


Lightweight 


(in Slovene) 


concrete and its application 
LJUDEVIT SKABERNE, Gradher estni Jugoslav ia 
No. 1-2, 1951, pp. 1-28 
AUTHOR S SUMMARY 
Describes in detail the physical and tech- 
nical properties of lightweight concrete, 7.4 


compressive strength, thermal conductivity, 


water content, water condensation, shrink ive, 
and fire resistance Lightweight conerete is 


placed In tour principal groups: light aggre- 


gates, uniform grains, cellular (gus and foam 
tuff-like Author 


leals with concrete mixtures and the appli 


conerete) and conerete 


eation ol lightweight concrete 


Prestressed concrete beams—a rational design 
method 


R. G. Ropertson, Structural Engines Londor 
30, No. 11, Nov. 1952, pp. 259-272 


Reviewed by M. W JACKSON 


\ design method is derived by which a 


direct answer for the beam dimensions may 
Numerical 
presented and compared with 


Magnel 
mathe- 


be found from one equation 
examples are 
the same problems from texts by 
Abeles Many 


matics ol prestressed design are 


and aspects ol the 


considered. 


Cements for large hydrotechnical constructions 

Cin Russian) 

\ N YuNG Izvest thad Nau 

Tekh. Nauk, No. 6, 1951, pp. 785-802 
CERAMIE 
Feb. 1053 


S.S.S.R., Otde 


ABSTRACTS 
Kamicl 


Discusses tne effects of carbonization § of 


cement slurries, shrinkage phenomena in 


concrete, and creep of concrete on the dur- 
ability of different sections of hydrotechnical 
General 


constructions requirements for 


cements for use in such constructions are 


given, and a classification of cements into 


mono-, bi-, and tri-component systems with 
their properties is included 
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Prestressed concrete bridges and other structures 

Donovan H. Lee, Structural Engineer 

V. 30, No. 12, Dee. 1952, pp. 302-314 
teviewed by M. W. Jackson 


(London ’ 


Many 
the prestressing is applied with high tensile 


structures are described in which 
alloy steel bars with specially threaded ends 
and nuts. 
buildings 
wind 


Structures are grouped into 


(including three-hinged arches), 
tunnel, tanks (circular rein- 
forcing by prestressed bars), piles, and new 
bridges. Thirty and figures 
a bibliography are valuable additions. 


circular 


photographs 
and 


Post-war coast protection works along the 
southeast coast of England, which have been 
undertaken by the Kent River Board as part of 
their functions in connection with land drainage 


Grorce Custer Crowrner, Proceedings, Institution 
of Civil Engineers (London), V. 2, Part II, No. 1, 
Feb. 1953, pp. 196-208 


Reviewed by Anon L. Mirsky 


Describes various means adopted to re- 
construct and strengthen weak defense works 
part of the 
project, on the Thames estuary, was hit by 
the North Sea gales and floods of the first 
week of February, 1953. 


It is interesting to note that 


Bridging 15-mile-wide Tampa Bay 

Wituiam H. Quirk, Contractors and Engineers 

V. 50, No. 4, Apr. 1953, pp. 26-34 
Reviewed by M. W 


Monthly, 
JACKSON 

In a 15-mile causeway, five separate bridges 
are involved, 
The 


reinforced 


connected by hydraulic fill. 


bridges are of prestressed concrete, 


concrete, and structural — steel. 


General details of construction, fabrication 
erection, are described 


of bridges, and 


including 19 photographs. 


Form pressure of concrete (Betongs sidetrykk 

mot forskalingsvegg) 

R. Gran Ousson, Teknisk Ukeblad 

8, Feb. 1953, pp. 140-148 
Reviewed by 


Oslo), V. 100, No 
Eivinp HoGNestTap 


study of the 
exerted by fresh concrete against forms. 


A mathematical pressure 
The 
most. important factors considered are: (1) 
the speed of casting; (2) the internal friction 
of the and the 


concrete and forms; (3) the setting time of 


concrete friction between 
the concrete; and (4) the hydraulic radius of 
the forms. 

The influence of the 
detail. 
considered. 


variables is studied 


in some Experimental data are not 


Airport pavements for jets 
L. A. PALMER, Aviation Age, Dec. 1952, p. 36 

ARBA TecunicaL INrormMatTion Digest 

eb. 1953 


likely 


will 


Author 
present 


that 


severely 


that it is not 
types of jet 


states 
aircraft 
damage ordinary concrete pavements under 
traffic with 
the possibility of unusual volume of traffic 
and the use of jet planes equipped with after 
airfield 
suitable for such conditions has become of 
What are the best 
Where 


author 


normal conditions. However, 


burners, research into pavements 


paramount interest 
construction? 
The 


gives the answers to these and other questions 


materials for runway 


is protection most needed? 


Coffer slabs made from re-ground rubble 
(Kassettenplatten aus Ziegelsplitt) 


©, WINTERNITZ, Betonstein-Zeitung (Wiesbaden), V. 18 
No. 12, Dee. 1952 
A UTHOR's SUMMARY 


Deals with the properties of coffer slabs 


made from re-ground rubble They are 
5 x 0.75 m and 0.25 m high. Each slab was 
reinforced by 33 kg. of steel 


which corresponds to 8.8 kg per sq m of 


reinforcing 
roofing area. The grain size of the sand used 
(55 percent) ranged from 0-7 mm, that of 
rubble (45 


cement 


the re-ground 

The 
to 270 kg per cu m of finished concrete; 
28-day strength values ranged between 170- 


percent) from 


7-12 mm content amounted 


180 kg per sq em. The weight of the slabs 


was 1.990 kg per cu cm. 


“*No-fines” flats at Newcastle-upon-Tyne 

y 
Surveyor (London), V. 112, No. 3186, Mar. 28, 1953 
p 215 


Reviewed by M. W. Jackson 


“No-fines” 
little, if any, in the United States. 


eoncrete 18) a technique used 
This is 
a brief mention of British contractor George 
Wimpey & Co., 
200 “no-fines” concrete dwellings each week 
This just 
30,000th post-war dwelling 


Ltd., at present completing 


contractor has completed his 


Design of reinforced concrete slabs in liquid- 
containing structures 
T. K. Zaownskt, Concrete and Constructional Engineering 


(London), V. 48, No. 1, Jan. 1953, pp. 13-16 


Reviewed by Gorvpon L. Cureman 


explains the construction of a graph to 


reduce calculations required in the design ol 


simple beams, under bending only, with 


tension on liquid-retaining face. 
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Sea defense work at Silloth, Cumberland 
Grorrrey OwEN Lockwoop, Proceedings, Institution 
of Civil Engineers (London), V. 2, Part II, No. 1 
Feb. 1953, pp. 188-195 


Reviewed by Anon L. Minsky 


Project in northwestern part of England, 
on the Irish Sea, consisted of a half mile 
long concrete stepped apron supported on 
rectangular cells formed of steel sheet piling 
with imported material. A wide concrete 
sidewalk at top of apron affords additional 


protection against wave splash. 


Concrete face on Bear River Dam 
Western Construction, Y 28, No. 2, Feb. 


70-72 


1953, pp 
teviewed by M. W. 


JACKSON 

Bear River Dam in central California is a 
rock-fill requiring 300,000 sq ft of 
crane-placed dry rubble on the face. The 


reinforced concrete facing subsequently placed 


type, 


represents the watertight membrane required 
for this type of structure. Concrete facing 
thick to 1.0 ft at the 
crest, divided into panels with water stops 


dam fill. 


varied from 3.75 ft 


to allow for settlement of the 


Concreting methods are described. 


Reinforced concrete beam formulas extended 
to steel-column-base design 


Lester J. Grrrer, Civil Engineering, V 
May 1952, pp. 52-54 
Reviewed by Gorpon L 


22, No. 5, 
CHIPMAN 


Paper discusses the use of reinforced 


concrete beam formulas in the design of 
anchor bolts and conerete piers supporting 
columns carrying relatively 


high moments 


induced by wind or other eccentric loads. 


Several examples are given and _ references 


made to more detailed investigations. 


Specification tests for heat of hydration of 
cement 

T. W. Parker and R. W. Nurse, Cement and Lime 

Manufacture (London), V. 26, No. 1, 1953, pp. 1-8 

Reviewed by R. P. VeLiines 

The authors briefly describe and compare 


the calorimeter and portions of the test 
procedure for measuring the heat of hydration 
of portland cement by the British Standard 
U. S. Federal SS-C-158b methods 


Factors affecting the reproducibility of test 


and 


results are discussed and experimental data 
are given to show the effect of variations in 
procedure. In conclusion, it is suggested 
that either apparatus and procedure may be 


used in testing to the other specification. 
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Indiana builds its own test pavements 


Engineering News-Record, V. 150, No. 3, Jan. 15, 
p. 46 


1953, 


ARBA 


INFORMATION DiGest 
lar. 1953 


TECHNICAI 


According to 


State 


legislative mandate, the 


Indiana Highway Department must 


conduct a road test to determine which type 


(rigid or flexible), is better 
suited to handle Indiana traffic. 


ation will be given to such factors as initial 


of pavement 


Consider- 


cost, durability, maintenance, and length of 
service. The site of the test project is on the 
IndianapolisColumbus road. \ complete 
description of the project and the estimated 


costs are given. 


Prestressed footbridge at Edinburgh 
Concrete and Constructional 


V. 48, No. 2, Feb 


Engineering Londor 
1953, pp. 95-97 


Reviewed by Gorvpon L. CuremMan 


The 


and 


of 76 ft 
beams at S&-ft 


structure has a clear span 


comprises two main 


centers. Each beam is 6 ft 2 in. high and 
consists of seven intermediate panels about 
10 ft long and two shorter panels at the ends. 
Mach beam was prestressed with five para- 
bolic cables with an ultimate tensile strength 
of 200,000 to 220,000 psi. The deck is 
formed of precast hollow members spanning 
between the beams. 


Navy adopts tilt-up construction 


Contractors and Engineers Monthly, V. 50, No. 1, Jat 
1953, pp. 92-93 
Reviewed by M. W 


J AC KSON 

Navy Civil Engineer Corps is using tilt-up 
construction supposedly for the first time on 
The project, 1,300,000 sq ft 
of buildings, is being built for the Navy at 
Pomona, Calif. Wall panels are 20 x 26 ft, 
thick, about 20 
erected the panels are 


a large scale. 


5.5 in. and 
When 
steel 


described. 


weigh tons 


secured by 


columns. Construction on project 


Modern construction with steel, especially in 
industrial construction (Neuzeitliches Baven mit 
Stahl, insbesondere im Industriebau) 


Fritz Leonwarpt, Zeitschrift V.DI 
V. 95, No. 2, Jan. 11, 1953, pp. 39-42 
Reviewed by Aron I, 


Duesseldorf 
Minsky 
Title is somewhat 
concerned with saving steel in construction 


misleading; article is 


Among methods of accomplishing this are 


included composite construction, open-web 


steel joists, and thin-walled concrete-filled 


steel pipes used as structural members. 
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Refractory concrete for tunnel kiln car tops 
N. M. THompson, 
V. 32, No. 1, Jan 


American Ceramic Society Bulletin, 
1953, pp. 1-4 

Reviewed by M. W. Jackson 
Describes experience with mixing, placing, 


and refractory conerete for the 
of small flat cars (6 x 6.5 ft) 


clay products in tunnel kilns. 


using tops 
which carry 
The refractory 
concrete loses considerable of its initial cold 
strength when heated within certain ranges, 
with a strength gradient resulting from the 
temperature gradients through the mass. It 
is believed that this strength gradient is the 
principal reason for the resistance to thermal 
spalling 


A new view of the setting of cement and the 
nature of concrete 
Cement and Lime Manufacture 
Q52 Trar i 

No. &, 


London 
British Ceramic 


» V. 25, No. 1, 
Society, \ rl, 


ABSTRACTS 
Oct. 1952 


Highway Researcn 

An abstract of the paper: 
Difficultes de la 
by M. 
Concrete, 


“Importance et 
Betons,”’ 
Prestressed 

1951) in 
ideas of the 
hydration of portland cement and the con- 


Mecanique des 
Freyssinet 
Ghent, 
puts 


(Congress on 
selgium, Sept 
forward 


which he new 


stitution of concrete. Concrete is considered 
to be a solid-liquid-vapor phase, and laws 
are put forward to explain shrinkage, creep, 
and other elastic and plastic deformations. 


Prestress: A summary of construction ex- 
perience in Denver 
Western Construction, V. 28, No. 2, Feb. 1953, pp. SO-S2 
Reviewed by M. W. Jackson 
Describes development of prestressing in 
three years in Denver from mild academic 
One 
manufacturing plant lor precast prestressed 


interest to actual construction projects 


units is now in operation. Five projects 
using prestressed units were built in 1952 
and are described. Five more large contracts 
are under construction, including two schools 
Prospects are developing for use in bridges 
in the area with spans to 70 ft and loadings 


to H20-S16 


Cantilever frames support thin-shell roof 


Boyrp G. ANDERSON, Ciril Engineering, V. 22, No. %, 
Aug. 1952, pp. 36-34 


Reviewed by Gorpvon L. Cuipman 


A description of¢ the Onondaga County 
War Memorial Auditorium recently 
jn Syracuse, N. Y. 


erected 
The auditorium roof con- 
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sists of a thin-shell reinforced concrete barrel 
of 160-ft flanked by rigid cantilever 
frames which support the barrel and complete 
the roof 205-ft This 


minimum-weight construction, 


span, 


over the cleat span 
represents a 
and the horizontal thrust of the barrel acts 
to relieve the moment caused by 


architectural effect at minimum cost. 


this light 


vertical Structure provides optimum 


Dywidag prestressed 

Spannbeton) 

Max Luerze, G. Kant, F 

FINSTERWALDER, Der Bauingeni 

No. 11, No 5 418-424 
Reviewed by Aron I 


concrete (Dywidag- 


LEONHARDT 
serlin) 
Miksk Y 
Discussion of papel by Dr 
May 


feviews,”’ 


Finsterwalder 
141-158; 
953 J 

1953 JOURNAL, 


(Der Bauingenieur, 1952, pp 


Keb 


p. 595) covering many of the basie problems 


see “Current 


and principles of prestressed concrete: limited 
prestress, high-strength steel, effeet of shrink- 


uge and creep, cracking loads, and other 


factors 


Influence of sand gradation on 
economy (Sandgraderingens 
betongekonomisk synspunkt) 
S. Wain, Cement och Betong (Malméd 
Mar. 1952, pp. 12-17 


teviewed by E:ivinp 


concrete 
betydelse ur 


¥. 37, me &, 
HoGNESTAD 


According to the methods of conerete 
proportioning recommended by 


Assn., the 


the Swedish 


Cement necessary 


percentage of 
sand as well as the water content of coneretes 
The 


vary with the gradation of the sand 


relative costs of 2000, 3500, and 5000 psi 
three 
Particularly for 
high quality concretes, it is found that sand 


concretes are studied for different 


idealized sand gradations 
gradation has an important bearing on the 
should be duly 


considered in concrete production 


economy of concrete and 


Lightweight floors 
Architectural Forum, V. 96, No. 3, Mar. 1953, p. 155 
Reviewed by M. W. Jackson 


Describes construction of reinforced 
10-in 


vermiculite plaster 


2-in 


concrete floor slabs on light steel 


joists fireproofed with 
Forms needed no scaffolding, used 2 x 8&-ft 
x °¢-in. plywood supported on patented cast 
iron clips. Forms were stripped by striking 


brittle clips with 


sharp blow of hammer 


Floor costs were 81.60 per sq ft, 


$2.10 


compared 


with previous low reported for flat 


plate construction in New York City 
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Production and use of stone-sand in the con- 
crete for large dams 


Wittiam R. Wauacu, Western Construction, V. 
2, Feb. 1953, pp. 63-07 
Reviewed by M. W 


28, No 
JACKSON 
Of 23 


since 1945, 13 have been constructed using 


large concrete dams constructed 


stone-sand, that is, sand ground from rock. 


Volume of concrete in these 13 dams 
almost 15,000,000 cu yd. 


discussion of 


Wiis 
This is a thorough 
the problems in the manu- 


facture of the sand, proportioning of con- 
crete, plant design, various types of crushing 
equipment used, classifying the sand, and 


related factors. 


Break experiments with reinforced concrete and 
steel masts (in German) 


V. Pernont, Elektr. Masch., V 


pp. 481-493 


68, No. 20, Oct. 1951, 


Aretiep Mecuanics Reviews 
Apr. 1953 (Boley) 
The stresses, deflections, and root moments 
arising in steel and concrete masts under a 
side load at the tip are calculated in detail 
by means of five different methods of caleu- 
lation: 
and the 
specimens are also described. 
lated 
curacy is discussed in view of the experimental 
data. 


Birklin, Sulzberger, Ullmann, Dorr, 
author. Tests run on large-scale 


The 


compared, and their ac- 


calcu- 
results are 


Power poles of prestressed concrete (in French) 


G. Leonvierr, Travaux (Paris), V. 36, No. 218, Dee. 


1952, pp. 564-566 


Reviewed by M. W. Jackson 


Design data and tests are reported on 
poles for 132-kv power lines to be used in 
Nigeria. Total height of poles is 104 ft; 
height above ground, 93 ft. The diameter 
varies from 5.2 ft at the base to 1.0 ft at the 
tip. Prestress is applied by means of cables 
of 12 wires of 0.2-in. diameter, the number 
of cables decreasing from 18 at the base to 
1 at the tip 

Load deflection curves and data are pre- 
sented for twe cantilever bending tests and 
one torsion test. The design was considered 


excellent. 


Culvert with a prestressed deck 

Concrete and Constructional Engine 

V. 47, No. 10, Oct. 1952, pp. 301-300 
hovieaed by Gorpon I 


ering London), 


CHIPMAN 


construction of a 
2000-ft flood relief channel in London, with 


Describes design and 
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about one half of the length covered with 
The walls and 
invert slab are of plain concrete. 


prestressed concrete beams. 


The prestressed concrete I-beams have an 
over-all length of 57 ft and are precast and 
prestressed in a factory and transported by 
rail to a siding at the culvert. Three 1)4-in. 
Macalloy bars are used in each of the 512 
beams for prestressing. 


Prestressed concrete in industrial construction 
(Spannbeton im Industriebau) 
K. Dernincer, Zeitschrift V.DJI 
No, 3, Jan. 21, 1953, pp. 65-72 
Reviewed by 


Duesseldorf), V. 95, 


Anon L. Mirsky 


Article demonstrates uses to which pre- 
stressed concrete has been put, from  pipe- 
lines designed for high pressure service and 
tanks to 


members, 


trusses with precast prestressed 


rigid frames, and  multistory 


buildings. Paper concludes with — short 


discussion of partial versus full prestressing. 
beam test 


Prestressed concrete full-scale 


planned at Lehigh 
Roads and Streets, V. 96, No. 4, Apr. 1953, p. 86 
Reviewed by M. W. Jackson 
Describes research program involving test- 
ing several 38-ft prestressed beams under 
repeated loads. One of the objectives is to 
effect of the 
H20-S16 trucks at 
machine was 


determine the 
1,000,000 
fatigue 


passing of 
10 mph. A 
built 


designed and 


especially for these tests. 


Calculation of members of reinforced concrete 
for limit failure (in Spanish) 
J. A. Secura Gopoy and J. A 


GONZALEZ DoGiiorrt, 
Aires), V. 118, No. 597, 


Ciencia y Tecnica (Buenos 
Mar. 1952, pp. 89-110 
AppLiep Mecuanics Review 
Jan. 1953 (Rathgeb 
Authors analyze different types of failure 
which, in structural elements of reinforced 
concrete, may be due either to surpassing 
resistance of materials or to intolerable de- 
formations. Depending on its structural 
function, any element will have to be designed 
so as to comply with that function at a cer- 
tain risk. The coefficient of safety is to be 
selected, based on a statistical study of series 
of equal elements. 
Although the undoubtedly has 
theoretical value, it is not quite clear how 


article 


its conclusions can be applied constructively 
to the practical design of reinforced concrete 
structural elements, which vary so widely. 
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Maryland begins 

bridge 

Roads and Streets, V. 96, No. 3, Mar. 1953, pp. 84-85 
Reviewed by M. W. Jackson 


first prestressed concrete 


100-ft 
concrete highway bridge, begun in October, 
1952. 
post-tensioned T-shaped girders, each 60 in. 
deep, for a 30-ft roadway. 


Describes single span prestressed 


Bridge consists of nine longitudinal 


Composite girder and reinforced concrete bridge 

J. L. Maver, Commonwealth Engineer (Melbourne), 

V. 40, No. 4, Nov. 1952, pp 160-162 
! 


Reviewed by Gorvon L. CurpMan 


Description of a prestressed composite 
girder and reinforced concrete bridge recently 
constructed near Heyfield, Victoria, Australia 
The procedure employed for prestressing the 
four 40-ft girders is outlined, together with 
the methods adopted for measurement of 


deflection and for leveling. 


New conceptions of particle size distribution 
plots and surface area tables (Neve Erkenntnisse 
Ve und Oberflaechen- 
tafein 


S. KIesskKaALr, 
94, No. 35, Dee 


Zeitschrift V.DI Duesseldorf), V 
11, 1953, pp. 1137-1140 


Reviewed by Anon L. Mirsky 


Discussion of —Rosin-Rammler-Sperling 
plots of particle size versus sieve retention, 
including an evaluation of Hoenig’s studies 
of correlation of sieve analysis and impact 
tests to destruction of concrete cubes. Need 


of further research is stressed 


Tallest tilt-up yet 
Western Construction, V. 28, No. 3, Mar. 1953, p. 102 
Reviewed by M. W. Jackson 
Tilt-up wall panels 28 ft high x 20 ft wide 
for United Air Lines in San Francisco claimed 
to be tallest yet. 


Thin concrete walls and roofs 


Constructional 
10, Oct 


Concrete and 


V. 47, No 


Engineering Londor 


1952, pp. 315-317 


Reviewed by Gorpon L. CuipMan 


Notes on some recent work by the British 
War Office on thin concrete walls and roofs 
Walls were 
spraying cellular concrete to a 
steel 
centering and reinforcement and formed on 


as applied to small structures. 
formed by 
thickness of 1 in. on mesh used as 
the site into corrugations 12 in. deep with a 
5-ft pitch. 
same manner except that the pitch of the 


The roof was constructed in the 


corrugations was 10 ft. 
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An exact method of analysis of continuing 
parabolic arches 

V. A. Moraan, Concrete and Constructional Engineer 
ing (London), V. 47, No. 11, Nov. 1952, pp. 343-352 


Reviewed by Gorvon L, CuremMan 


The analysis ol continuing parabolic are hes 
by the slope-deflection and moment-distri- 
bution methods. Reference is made to pre- 
vious articles by the same author in which 
general formulas for the thrust of a sym- 


metrical parabolic fixed arch were given 


Simpler formulas are developed for con- 


tinuing arches supported on hinges with 


rigid joints between spans and for a series 
of two and three spans supported on flexible 


columns at the inner supports 


Lift-slab tilt-up team-up 
tern Construction, V. 28, No. 3, Mar. 1953, pp 


Reviewed by M. W. Ja: 


Lift-slab and tilt-up 
combined for 10,200) sq_ ft 
American Potash 
Whittier, Calif 


slab forms to completion of erection, total 


techniques were 
building for 
and Chemical Co. in 
From laying of first floor- 
time was 22 days. Construction techniques 
including details of lifting jack described 


Water tanks in prestressed concrete construction 
(Vandeholdere i forspaendt beton) 

OsTENFELD and W. Jonson, Ingenioren (Coper 
No. 6, Feb. 1953, pp. 133-38 


Reviewed by Ervinp Hoagnestrap 


Cur 
hagen), \ 2 


The introduction to this paper considers 


the basie principles of reinforced concrete 
water tanks with special relerence to. pre- 
tanks. 


sented of six circular tanks designed by the 


stressed \ description is then pre 


authors, varying in from 130° to 


17,500 cu m 


capacit y 


Rainbow on the wall: an organic glazed coating 
for concrete building block 


Chemical Week, V. 72, No. 2, Jan. 10, 1953, pp. 47-48 


feviewed by M. W 


JACKSON 


Description of new process for a synthetic 
resin coating lor building block, a permanent 
glazed coating in 20 colors resistant to deter 
Cost is 40 


gents, alkalies, acids, and flame 


percent lower than competitive  ceramiu 
finishes, but roughly same percentage above 
block 
likely a 


developed for small builder 


cost of uncoated Process is factory 


applied, but it is mixed-on-spot 
system will be 


and home owner 
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Precast concrete revetments for water channels 
and sea walls 


Concrete and Constructional 


V. 47, No. 10, Oct 


Engineering Londor 


1952, pp. 323-325 
y 


Reviewed by Gorpon L. CuremMan 


Describes various types of revetments 


used for lining canals and dykes in Holland. 
Concrete block are of different shapes and 


none are reinforced. Specifications call for 


less than 9 percent water absorption, com- 


pressive strength of 5000 psi, and on impor- 
tant works not less than 6500 psi 


Straddle truck in casting yard 
Methods and Equipment, V. 35, No. 3, 
Mar. 1053 pp. 125-126 

Reviewed by M W 


Construction 
JACKSON 


Lumber straddle truck was redesigned to 
facilitate handling rool 
truck is 15 ft, 

The truck is equipped 
gripping 

It, quickly strips forms 
114- to 4-ton 


stacking them seven high for curing. 


precast concrete 


slabs. Inside clearance of 


road clearance 12 ft 


with two vacuum units and with 


two electric hoists. 
and transports 


roof slabs, 


Hardening of lime mortars (in German) 


Zement-Kalk-Gips (Wiesbaden), V 
180-184 


Gi. STAUFENBIEL, 
5, No. 6, 1952, pp 

ABSTRACTS 
Hartenheim 


CreRAMK 
Nov. 1952 


Lime mortars harden by the combination 
of CO, from the air with the moisture of the 
mortar according to CO, HO —> H,CO;; 
HCO; + Ca(OH), — CaCO; + 2H0. To 
study the conditions which 


reactions take place, a method was developed 


under these 
to harden mortar specimens in the form of 
tx 4.x 16-cm prisms in a closed CO, atmos- 
phere, whereby temperature, gas pressure, 
gas moisture, amount of CO, and HO de- 
and the reaction 

With this method the specimens 


about 4 hr, 


veloped, time of were 
measured, 
natural 
hardening process takes months and even 


The test 


harden in while the 


years. results are given in detail 


Movable scaffolding used on Colorado con- 
crete water tank project 


Rocky Mountain Contractor, V. 35, No. 3, Mar 1953 
pp. 16-18 


Reviewed by M. W. Jackson 


1,000,000 gal. 
capacity prestressed concrete water tank at 
Loveland, Colo 


Deseribes construction of a 


Preload “merry-go-round” 
was used. Inside 


forms constructed to full 50-ft wall height 


system of prestressing 
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rails. Outside forms were erected 


in vertical lifts of 8 ft each, 46 ft 


rode on 
long for 
1500) psi 
strength was specified, but tests averaged 
5800 psi. Lefficient 


struction processes descril ved. 


sectional placing. Conerete with 


organization of con- 


Efflorescence 


FF. O. ANDEREGG 
pp. 39-45 


4STM Bulletin, No. 185, Oct. 1952 


Reviewed by Gorpon L. CutemMan 


An analysis of the factors contributing to 
efflorescent phenomena and the serious dis- 
which can be caused 
The solu- 
bilities of various efflorescent compounds ure 
given. 


integration of masonry 


by efflorescent crystal pressure. 


Compaction of embankments, subgrades, and 
bases 


Bulletin No. 58, Highway Research Board, 1952, 84 pp 


Presents the fundamental principles ol 


compaction and also how 


used 


compaction — is 
in design and construction of roads 
Different parts of the road structure require 
different degrees of densification for similar 
soils. Those requirements are discussed in 
the light of practicable and economical limits 
of field compaction. The text discusses not 
only selection of rolling equipment but also 
Field 
control of compaction is discussed in some 
detail. Tabulated 


specifications lor compaction equipment are 


the use of auxiliary equipment. 


data on manufacturers 


presented 


12,000,000 gal. roof concrete reservoir 
W. C. Brown, Western Construction, V. 28, No. 3 
Mar. 1953, pp. 79-SO 


Reviewed by M. W. Jackson 


Construction of San Diego storage reser- 
illustrated. The 


I-shaped reservoir lies half below ground, 


voir briefly described and 
has cantilevered walls, and precast’ columns 
and beams. Steel pan forms were used for 
roof joists and slab. The roof is designed to 


support. parked cars. 


Acid-resisting ‘‘ocrat concrete” (in German) 
W. Wrrrekinp?, Zement-Kalk-Gips (Wiesbaden), V. 5 
No. 7, 1952, pp. 203-205 
CreRAMIK 
Mar. 1953 


ABSTRACTS 
Hartenheim 


The process of “ocrating”’ concrete prod- 


ucts is described; it consists in treating 


them with Sif, gas which produces on them 
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nN practically noncorrodible coating containing 


silicic acids) and 
the 
from strong disintegrating solutions, such as 
pure HCl, 


mechanical 


particles of hydrates of 


alumina.  Ocrating protects conerete 
resistance to 
the 


bending-tensile and compressive strengths of 


and increases 


and abrasive wear, e. g., 


an iron portland cement increased from 27 


and 88 kg per sq em (untreated) to 53 and 
211 kg, respectively, after treatment. 


The new Guelph General Hospital: some notes 
on its architectural and structural design 


W. S. Giynn, The Engineering Journal (Montreal), 
V. 36, No. 2, Feb. 1953, pp. 96-100, 108 


Reviewed by Aron L. Minsky 


This five-story, 160 bed hospital in Guelph, 
Ontario, employs a continuous reinforced con- 
crete frame with slab-band (flat-plate) floors. 
I:xterior is strictly 


contemporary in ap 


Advantages of slab-band floor 
listed by 


over-all 


pearance. 


construction author include: re- 


duction in height, possibility of 


exact analysis of continuity, freedom in 


locating openings and placing pipes and 


other utilities, freedom in locating columns, 
Final 


was accomplished by use of column analogy. 


and economy analysis of structure 


Precast members make sturdy tower foundations 


L. L. Wise, Construction Methods 
V. 35, No. 3, Mar. 1953, pp. 60-452 
Reviewed by M. W. 


and Equipment, 


JACKSON 


Deseribes foundation construction pro- 
line 
Francisco Bay. 
shells 19 ft in 

16 ft high, 8 in. thick, were placed in 60 
ft of Hollow shafts 60 ft 
long, 7 ft in diameter, are set in the shells. 


Precast 


cedure for electric transmission across 


south arm of San Heavy 


precast concrete diameter, 


water. 


concrete 


tons 
the 


weighing 45 
shafts to 


beams 
the 


concrete 


are set on top ol brace 


tower legs. 


Sliding stability of retaining walls 
Gorvon P. Fisner and Roperr M. Mains, Crril 
Engineering, V. 22, No. 7, July 1952, pp. 54-55 
Reviewed by Gorvon L, CuipmMan 
Discusses computation of passive resistance 
the active 
Authors 
believe commonly used methods give passive 


wall under 
pressure produced by the backfill 


against. sliding of a 


pressures which are much higher than could 
be normally expected, and that safety factors 
in sliding are often too low. They recommend 


a safety factor of 1.5 as generally adequate 


REVIEWS 873 


Concrete box floated into place—River Thames 
provides construction site and transportation 
for water-intake unit 

ind Engineers Monthly, V. 50, Ne 


Jan. 1953, pp. 04-06 


Contractor 
Reviewed by M. W. Jackson 
Unusual solution of construction problems 


1200-ton 


section of a 


reinforced 
intake 
Structure is for Vacuum Oil Co. at Coryton, 
As cast it 100 x 53 ft, 
height of 56 ft, divided into six compart ments 


Site 


described for concrete 


main water jetty 


England was with a 


construction was not used because 


river was 25 ft deep with dangerous currents 
and with 25-ft lift on the tide. The bottom 
portion of the reinforced concrete box was 
cast in a temporary dry dock, floated to a 


dock, 
while it 


wet and balance of huge unit cast 


Ballast 
added as weight of concrete increased 


was floating was continu- 
ously 
to keep formwork within reach of carpenters 


working from a floating boom. 


Analysis of anchor bolts and concrete piers for 
large stills and kettles 


AnpkEW A. Brown, Civil Engineering, 
July 1952, pp. 55-56 
teviewed by Gorpon L. Cuiepman 


Develops an equation for design of anchor 
bolts and concrete piers for columns sup 
porting vertical loads that are light in com- 
parison to the moments introduced by wind, 
or other loads 


eccentric The application 


of this formula is shown by an example and 


a chart for design of concrete beams is 


reproduced, 


State use of sand and gravel 
Epwarp J. NuNAN, Cor 


ARBA 


tructioneer, Dee, 29, 1952, p. 19 


PecunicaL INFORMATION Digest 
Feb, 1953 

New York 
aggregate for concrete construction specify 
the 
gravel, 


state specifications for coarse 
crushed 
broken 

the 
used in all 


use of mixed broken stone, 


screened gravel, or slag 


However, crushed limestone is only 


coarse aggregate which may be 


concrete items without special permission 
If the state permits the use of gravel, it must 
be at least 75 percent crushed 
difficult to 


explains why 


This specifi 
the 


gravel does not 


cation is meet and writer 
high quality 
have to be 
The 


the New York state specification requirements 
aggregates tor 


crushed to make good concrete 


report concludes with a discussion on 


for fine concrete pavements 
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Corrosion of cement paste by distilled water 
(in Italian) 


Bb. Tavaser and A 
V. 34, No. 7, 


Kio, Chimica e Industria 
1952, pp. 404-412 

Ceramic ABSTRACTS 
Jan. 1953 (Hartenheim 


Milan), 


The action of distilled water on portland 
and pozzolana cement is at first intense and 


produces a first phase; the action later 


diminishes (rapidly in the pozzolana paste 


and slowly in the portland cement paste). 
The thickness of the layer influenced by the 
washing action is much greater in portland 
cement Microscopic examination of the 
layer shows a diffuse porosity and often a 
superficial deposit of a gelatinous mass in 


portland cement, while in the pozzolana 
cement numerous small channels are formed 


in tangential direction. 


Oregon's first prestress job 


G. S. Paxson, Western Construction, V 28, No. 3, 
Mar. 1953, pp. 57-58 
Reviewed by M. W 


JACKSON 


First prestressed concrete project in Oregon 
is constructed of seven precast, prestressed 
girders, 60-1t span, spaced 20 ft on centers, 
with I-shaped section. 
tion described. 


Details of construc- 


Lock No. 5, Monongahela River, refaced by 
grout-intrusion method 


J. S. Minnorre, Civil Engineering, \ . No. 10, 
Oct. 1952, pp. 50-53 


Reviewed by Gorpon L. CuipMan 


Author describes the use of the prepacked 


aggregate, 
facing lock walls. 


mortar-intrusion method in- re- 
The lock has twin cham- 
bers, each 56 ft wide x 360 ft long, and the 
contractor was required to keep one of the 
two chambers 


open to navigation at all 


times. Approximately 18 in. of old concrete 
were removed by blasting and scaling and 


refaced with reinforced concrete. 


Selection of type of dam (Election del tipo de 

presa) 

ANTONIO pEL AGuitaA Rapa, Publication No. 110, 

Instituto Téenico de la Construccién y del Cemento 

Madrid, Mar. 1951, 30 pp 
Reviewed by 


Francisco J. Corpova 


Hydraulic structures and water supply 
reservoirs built in Spain since the Roman 
still that 


Reservoirs built during the four- 


conquest are well preserved in 
country. 
teenth, fifteenth and sixteenth centuries are 


still in use such as the Tibi, Almasa, and 
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some of these ancient Spanish dams 


telleu) Reservoirs. author describes 

The following factors in the selection of a 
dam are discussed: (1) foundation conditions; 
(2) topographic conditions or shape of valley 
at dam (3) maximum floods; 


(4) availability of construction materials; and 


site; stream 


(5) faetor of safety. Several diagrams show- 


ing plans and cross sections of dams are shown. 


Access bridge to Fleetwood power station: 
prestressed concrete design 


Highways and Bridges (London), V. 19, No. 971, Feb 
18, 1953, pp. 1-3 
Reviewed by M. W 


Jac KSON 


Describes construction of prestressed bridge 
of three simple spans, the longest span 56 ft. 
Bridge consists of plain slab composed of 
precast prestressed units, depth 30 in., and 
width 12 in. at soffit, 11 in. at top. Longitu- 
dinal gaps between units filled with cement 
mortar, and lateral prestressing applied at 
neutral axis. 


Estimating construction costs 
R. I PEURIFOY, McGraw Hill Book Co., New York, 


N. Y., 1953, 316 pp., $5.50 
Author uses equipment-hours and man- 


hours as the estimates which 


local 


addition to brief references to concrete work 


basis of his 


simplifies adjustment to costs. In 
in highways, pavements, and foundations a 
72-page chapter is devoted to concrete struc- 
tures. Cost factors discussed are those 
relating to forms, reinforcing steel, and mix- 
ing, placing, finishing, and curing the concrete 

Lumber, plywood, steel, and aluminum 
are considered as form materials and examples 
are given for estimating wood forms for 
walls, columns, beams and girders, and flat 
slabs. Other form materials and cost factors 
are covered in somewhat less detail. Tilt-up 
construction, sliding forms, bridge piers, and 
box culverts complete the chapter on con- 
crete structures. 

Information on estimating concrete floor 


block 


contained in later chapters. 


finishes and concrete construction is 

Author correctly points out that variations 
in costs of materials, equipment, and labor 
with time and place prevent direct appli- 
cation of costs 


given to any particular 


structure. Proper unit costs must be ap- 
plied by the estimator to quantities which 


this book aims to assist him in determining. 
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Old steel tops new concrete frame on site of 
former light structure 


Methods and Equipment, V. 35 
1953, pp. SO-S4 


Construction 


Apr. 


No. 4, 


teviewed by M. W. Jackson 


In remodeling a 650 x 75-ft factory build- 
ing in Riverside, Calif., the steel frame was 
disassembled and piled to one side. Precast 
concrete columns, beams, crane girders, and 
other framing units were lifted into place, 
and then the original steel reassembled on 
top of crane runway. The existing building 
was raised 27 ft by this method, for a new 
inside clearance of 50 ft. It 
that the precast concrete members replaced 


was estimated 


130 tons of structural steel. 


Wind pressure on elementary building forms 
evaluated by model tests 
J. W Civil Engineering, V. 22, 


1952, 


Howe, 
pp. 42-46 


No. 5, May 


teviewed by Gorvon L. CHipmMan 


Describes a series of wind tunnel tests on 
three-dimensional building models to deter- 
mine actual wind pressure distribution around 
buildings Basic tested the 
semi-cylinder, the rectangular 
the block-type 
The series of pressure diagrams 

the 
local 


provide data for selecting safe and economical 


forms were 


hangar or 


vertical wall, and gabled 


building 


developed by tests indicate a wide 


variation in pressure intensities and 


design wind loads on simple building forms 
of three common types. 


Design of rigid frame bridges with curbs 

ANDKEW GALLIA, Concrete and Constructional Engineer- 

London), V. 47, No. 12, Dee. 1952, pp. 363-373 
Reviewed by Gorpon L. Cuipman 


ing 


The method of design outlined applies to 
rigid frame slab bridges spanning in the 
direction of traffic 
stiffened by curbs and ribs, and assumed to 


and having two edges 


be hinged at the footings. The main features 
of this type of structure, which has small 
constructional depth, are a reduction of the 
bending moment at midspan of the deck slab 
the at the 
corners and because of the stiffening effect 


because of restraining moments 
of the curbs considered as structural members, 
and the provision of vertical abutment walls 
supported on four sides instead of cantilever 
retaining walls 

A number of charts of bending moment co- 
efficients 
included. 


are given and a bibliography is 
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Prefabricated lighthouse in the Baltic (Fyren 
Olands Sondra Grund) 


H. Fagerstrom, Betong 


1952, pp. 240-284 


Stockholm), V 7, No 4 


Reviewed by Ervinp Hognestap 


Describes the construction of a large pre- 
fabricated lighthouse situated in the Baltic 
the 
The lighthouse is founded on a moraine bank 
10 it level. \ 
concrete caisson 65 ft in diameter and height 


12 nautical miles from Swedish shore 


about below sea reinforced 


was cast ashore. Before being towed to the 
site, machinery and equipment was installed 
The caisson was sunk to a prepared bed by 
opening water valves, and it was filled with 
from level 
The lighthouse tower was then cast with the 


sand the sea bottom up to sea 


aid of slipforms. 


Concerning the development of the character- 
istics of concrete reinforcing bars and the 
associated allowable stresses (Ueber die 
Entwicklung der Eigenschaften der Betonstaehle 
und ueber die zugehoerigen zulaessigan 
Anstrengungen) 


Orro Grar, reprinted from Due 
baden), 1952 o. 27 
and 655-60 


Bauwirtschaft (Wies 
28, and 29, pp. 613-616, 634-635 


Reviewed by Anon L. Minsky 


Excellent summary of effect of deformations 


of concrete reinforcement on formation, 


width, and spacing of cracks in concrete 


beams Coverage is thorough and includes 


American investigations and American bar 


types. Author concludes better deformations 


1.€., 


to more efficient utilization of steel 


smaller factors of safety Kmphasis is 
on nonprestressed beams, although creep of 


steel is also discussed. 


How to lower prestressing costs 


P. W. ABELES News-Record, \ 
18, Oct. 30 


Engineering No 
1952, pp. 32-3 


ARBA Trcnnical 


INFORMATION Diges1 
Dee. 1952 


If prestressed beams are designed to permit 


tensile stresses in concrete under working 


loads, construction costs can be cut with no 
Tests 
soundness of this new 


decrease in safety have proved the 
type of construction 
Concrete may be kept in compression by the 
prestress under all conditions of loading up 
to the point ol failure, or it may be so slight 
as merely to insure closing of cracks on re- 
moval of the load 

The author describes the construction of a 
200 x 80-ft building in which the roof framing 
consists of ‘partly 


prestressed” precast 
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beams, 76 ft long. This design was found to 


be cheaper than structural steel. Diagrams 
show the tensioned and untensioned wires in 
the precast roof beams and stress distribution 
in partly and — fully 


prestressed beam 


prestressed beam. 


‘'Pre-fabs" permit good savings in structural 
fireproofing 


C. J. Kunasz 
Nov. 1952, pp 


Petroleum 
1616-1619 
Reviewed by M. W. 


Processing, V. 7, No. 11, 
JACKSON 
Describes prefabricated concrete sections 
(90-deg ells 
flats) designed for boxed-in or for contour- 


in two standard shapes and 


type fireproofing. Perlite aggregate is used 
Sections are 
Many 
advantages listed over sprayed-on or cast-in- 


for the lightweight 


concrete 


erected using threaded welding studs. 


Use in refineries illustrated. 
i-hr fire 
Details of manufacture and use given. 


place concrete. 


Sections give at least a rating. 


Prestressed concrete hangars at London airport 
Concrete and 


V. 48, No 


Constructional 


Engineering (London ’ 
1953, pp. 20-32 


Reviewed by Gorpon L. CuipmMan 


Describes the design and construction of 


buildings for British European Airways, 


which combine reinforced, prestressed, pre- 


cast, and in-situ concrete. The hangars and 
1000 ft 


long x 465 ft wide, arranged in the shape of a 


maintenance buildings are about 


U and covering about 100 acres. 


Waterproofing expansion joints in concrete 
structures (Abdichtung der Dilatationsfugen in 
Betonkonstruktionen) 

P. Westsrork, Kautschuk 


pp. 122-124 


Anwendungen, \ 1, 1951, 


Reviewed by Aron L. Mirsky 


Copper waterstops hitherto used have the 
drawback of tearing if the sections of the 
structure on either side of the joint move 
Article 
describes rubber waterstop used on a street 
Rotterdam and 


laterally relative to one another. 


tunnel in notes it can also 
be used for waterproofing joints in concrete 
pavements, at much less cost than increased 
reinforcement required with long continuous 
stretches of jointless pavement sometimes 
resorted to. 

An abstract of this article, by Chr. 
Grossjohann, appeared in Zeitschrift V.D-TI. 
(Duesseldorf), V. 95, No. 1, Jan. 1, 1953, 


pp. 25-26. 
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New twist in wall construction pays off 


Vethods and Equipment, V. 35, No. 4 
50-60 


Construction 
Apr. 1953, pp 


Reviewed by M. W JACKSON 


Describes concrete tilt-up walls for 350 
x 100-ft building at Sunnyvale, Calif. 
columns and roof trusses were placed first 


Timber 
for protection against winter rains. Concrete 
floor slab and then tilt-up wall panels were 
cast. In erecting walls, it was necessary to 
snake panels out of building and then lift 
into position. Placing panels in this manner 
took 13 min. each, as compared to 2 min. for 
normal tilt-up jobs 


Determination of mix proportions of a hydraulic 

concrete at optimum density (Determination du 

dosage d'un beton hydraulique a compacite 

optimum) 

M. R. Lezy, Annales des Ponts et Chaussees 

V. 122, No. 6, Nov.-Dee. 1952, pp. 717-752 
teviewed by Aron I 


Paris 
MIRSKY 

Article 
designing an 


Vallette’s 


mix 


describes method | of 
“ideal” 


characteristics 


using materials 
(“‘ideal” 
with the 


and sand, the 


of known referring 


to voidless concrete minimum of 
cement maximum of 
Method is 
based on voids ratio and absolute volumes; 
tested 


cessively, the information gained from each 


stone, 


and a minimum of bleeding). 


several cubes are made and suc- 


being used to adjust the theoretical values 
for the next. Author claims convergence to 
Article also 
method to concretes 


optimum mix design is rapid. 
describes extension of 
with more than two aggregates, and aggre- 
gates, of sizes outside range assumed by Val- 
lette. 


Improved techniques lower cost of concrete 
construction 

Joun R. Harpin, Civil Engineering, V. 22, No. 11 
Nov. 1952 pp. 50-54 


Reviewed by Gorvon L. Cuipman 


A general review of major economies in 


concrete construction made over the last 


25 years as a result of improved techniques 
in design, «onstruction, and concrete tech- 
nology. Author summarizes several notable 


advances, such as monolithic construction 


of large gravity dams; development of tech- 
niques for air entrainment; improved evalu- 
ation of materials, especially aggregates; and 
substitute 


the development of materials, 


such as special cement and pozzolanic 


materials. Advances in construction plants 


and practices are also summarized. 
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Improvement in the uniformity of the acceler- 
ated soundness test of coarse aggregate 
D. O. Woorr, ASTM Bulleti No. 187, Jar 
pp 12-1) 


1953 
AUTHOR'S SUMMAKY 


Development of the present standard 


gradings used in the accelerated soundness 
test lor coarse aggregates is deseribed with 


the lack of 


laboratories in 


an explanation of a reason for 
among different 
tests of the same aggregate. To 
this difficulty the testing of aggre- 
gates in single sizes and the use of the “half- 


agreement 
check 


correct 


sieve for the determination of the loss 
With the use of this 


losses of 6 to 9 


size”’ 
are recommended. 
method, 
substituted for losses of 10 to 15 percent as 


percent may be 


determined by the present method of test 
in which combinations of individual sizes of 
aggregates are 


mediate revision of specification requirements 


coarse involved The im- 


for coarse recommended — to 


aggregate 1s 
insure that material of a known quality will 
be obtained 


Prestressed concrete for sea defenses: hollow- 
cored structure developed by Dow-Mac 
Highways and Bridges (London), V. 19, No. 977 
Apr. 1, 1953, p. 4 

Reviewed by M W 


JACKSON 


Describes prefabricated units in Great 


Britain consisting of 12 in. or 14 in. square 


prestressed piles and prestressed concrete 


walings. Piles were made in multiples of 
5 ft up to 80 ft. The units can be assembled 
to form hollow box sea walls or breakwaters, 


the interior of the box being filled with 


earth, sand, or lean concrete 


Is prestressing the answer? 


Jacon Fenp, ¢ l Engineering \ 22 
1952, pp. 47-51 


No. 8, Aug 


Reviewed by Gonpon L. CHipman 


A discussion of some of the basic advantages 
and disadvantages of prestressing in various 
types of structures. Prestressing is recom- 
mended as being economically and structur- 
ally desirable in the construction o liquid 
tight tanks and weather-tight exterior walls, 


and in large scale, repetitive field production 


such as identical small housing, piles, modular 


sections for a large warehouse or factory, or 
identical spans on a long trestle bridge. 


questioning the economy of prestressing on 


author 


a single, specially designed job, whether a 
building or a bridge. 


outlines his reasons for 
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Precast concrete construction cuts costs for 
Washington State Department of Highways 
; } ; 4 


W. T. Rownerrson, Pa Builde | 
YO, No. 3, Mar. 1953, pp. 67-8 
Reviewed by M. W Jackson 


\ 


feviews use of precast construction for 


crib retaining walls, piles, guard rail posts, 


railings, and culverts. Experimental pre- 


inverted | 


wide and 1 ft 8 in 


cast bridge was constructed of 
shaped units 5 ft 5 in 


deep, weighing approximately 7 tons, spun 


ning between bents Similar 


of 13 


pile bridge 


spans to be constructed Keconomies 


and design and construction methods briefly 


discussed 


Concrete structures at the new Amsterdam- 
Rhine canal (Betong konstruktioner utmed den 
nya Amsterdam-Rhenkanalen) 


P. Lemporrer, Betong (Stockholn 


1952, pp. 285-302 


V. 37, No. 4 


feviewed by Kivinp Hognesrap 


\ description of concrete structures as 
with the Amsterdam-Rhine 
The total cost 
about 90 


sociated hew 
canal opened in May, 1952 
of the canal million 
and the 
i period of about 20 years 


three 


new Wiis 


guilders, construction was carried 
out ove! 


The 


earryving water 


large culverts 
The largest 


has a total 


prrpe T lise ussed 


under the canal 

culvert is for the river Linge. It 
185 ft and the 
the reinforced 
11.5 x 30 ft 


length of outer dimensions of 


concrete Trame section are 
A number of lock structures are 
1145 
The paper concludes with a deserip 
The 
the reinforced concrete structures 
with the 


described, two locks being as large as 
x 59 ft 
tion of dolphins ind author 


feels that 


jetties 


associated canal represent an out 


standing engineering achievement 


A more exact method for dimensioning stati- 
cally indeterminate reinforced concrete beams 
(in German) 
K. JaGer, Ocesterreichisches Ingenieur-Arch 
V. 6, No. 3, May 1952, pp. 223-236 
Arrpiinep MercHANICS 
Feb. 1953 


Vienna 


REVIEWS 
Blakey 


Paper method — of calculating 


proposes 


bending moments in continuous reinforced 


concrete beams t iking account ob variation in 


stiffness of the beams due to varying 


amounts and position of reimlorcement Au 
thor begins by relating stiffness of member 
in zones of positrve and negative moment, to 
flexural member in 


ultimate strength of 


these Zones; then, in a series of equations he 
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derives expressions for stiffness and carry-over 
factor of the beam as functions of its stiffness 
in positive and negative bending. Algebraic 
solutions are somewhat lengthy, and results 
are presented conveniently in tabular form. 
Application of 


procedure is clarified by 


worked example. 


Load transfer on steel piles (Lastuebertragung 
auf Stahipfaehle) 

WoLrGgana Poute, Der Bauingenieur 
No. 9, Sept. 1951, pp 
1952, pp 374-377 


Berlin), V. 26, 
257-250: V. 27, No. 10, Oct 


Reviewed by Aron L. Mirsky 


Reports on tests of load transfer between 
First 
article covers pipe, I-shape, and rectangular 
piles, the latter made of two channel-shaped 
steel pile bolted together; 
second article reports additional results on 


steel piles and concrete pile caps. 


sheet sections 
these and on piles made of two concentric 
steel pipes. In no case was a cap subjected 
Results indicated 
bursting or diagonal tension cracking 


to any bending moment. 
that 
of concrete rather than punching shear was 
mode of failure, and that stress in caps at 
failure can be larger than the ultimate 
strength of the concrete of which caps are 
made, 


Walls are insulated with cellular glass 


Contractors and Engineers Monthly, V. 50, No. 2, Feb 
1953, pp. 32-33 
Reviewed by M. W 


JACKSON 


described for building 
Forrestal 
Prefabricated 


crete wall sections were insulated by sand- 


work 
development — at 


Concrete 
Village 
load-bearing 


near 
Chicago. con- 
wiching cellular glass between two layers of 
concrete. Placing the insulation and the 
second layer of concrete followed immediately 
The wall sections 
were cured in the forms for two day s, then 


after placing the first layer. 


transported to the job and erected im- 


mediately. 


Big loads—no steel result in world’s heaviest 
prestressed building girders 


r. Y. Lan, Civil Engineering, V. 22, No. 11, 
pp. 29-33 


Nov. 1952, 


Reviewed by Gorpon L. CuipMan 


Describes the design and construction of 
five prestressed girders in San Francisco's 
Three columns from 
the upper parking floors terminate at the 
second floor level and are supported at mid- 


Barrett-Lick garage. 


span by the prestressed girders spanning 
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to 62 ft. 
integrated with the floor slabs, thus utilizing 


distances of 51 The girders are 
the floor slabs as top flanges and obtaining 
maximum possible depths for the girders. 

These girders are the heaviest prestressed 
concrete girders in the United States, in- 
cluding bridge girders. One of the largest 
is 4 ft x 7 ft 8 in. deep, with a T-flange 8 ft 
wide. On a 62-ft span it carries a total load 
of 1430 kips, of which 940 kips are concen- 
trated near the midspan. 


New prestressed concrete bridge in North 
Devon; replacement of structure destroyed by 
floods; use of hollow concrete trough units 


Surveyor (London), V. 112, No. 3187, Apr. 4, 1953 
p. 238 


Reviewed by M. W. Jackson 


Describes 40-ft span bridge with 57 
skew. 


deg 
The Udall beam system was used, 
consisting of hollow concrete trough units 
A solid 


at each beam end provided 


placed end to end and prestressed. 
precast unit 
anchorage. 
Kach row of troughs was provided with 
three cables, two unsheathed and one en- 
cased in plastic. The unsheathed cables were 
stressed before placing of concrete in the 
troughs; the sheathed 
three days later. 


cable was stressed 


The purpose of this was to 
lift the complete slab free of the scaffolding. 


(Two photographs of this bridge are in 


Engineering News-Record, Apr. 16, 1953, 


p- 4é.) 


Fire resistance of prestressed concrete 
London), V. 175, No. 4545, Mar. 6, 


Engineering 


p. 311 


1953, 


Reviewed by Aron L. Mirsky 


initial 
Department of 


Summary of conclusions from 
investigations conducted by 
Scientific and Industrial Research on beams 
formed of precast prestressed stems plus 
The important 
single factor was found to be the rate of rise 


of temperature of the prestressing cable; 


cast-in-place slabs. most 


end restraints (the prevention of expansion 


with increase in resulted in 
earlier failure. It 


of strength did not 


temperature) 
was also found that loss 
increase directly as 
duration of exposure to fire, being small for 
short durations. 


this is the 


A possible explanation of 
marked residual 
maining on cooling, which was found to be 
sufficient to maintain effective prestress in 


deflection —re- 


the cables. 
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Performance of concrete pavement on granular 
subbase 


Bulletin No. 52, Highway Research Board, 1952, 36 pp 

This bulletin includes two papers sponsored 
by the Committee on Maintenance of Con- 
crete Pavement 
Action of Slabs. 
Bases for 


as Related to the Pumping 

“Effectiveness of Granular 
Preventing Rigid 
Pavements,” by Carl F. Vogelgesang, covers 


Pumping of 


rigid 
pavement constructed with granular bases. 


a condition survey of 328 miles of 


Six types of distress or defects are defined 


and described and also classified by projects. 


The data and analyses to date show that 
granular bases have been effective in pre- 
venting pumping of rigid pavements. 
“Performance of Concrete Pavements on 
Granular Subbase,” by W. EF. 
John E. Burke, 


detailed examination of the performance of 


Chastain and 
contains the results of a 
86 miles of heavy-duty concrete pavement 
Both 
bases without drains and subbases extended 


on granular subbase trenched sub- 


through the shoulders are included in the 
survey. The results of this study indicate 
that granular subbases have been effective 
in the control of pumping. 


Evolution of construction of prestressed con- 
crete bridges in Nord and Pas-de-Calais 
(in French) 

F, Dumas, Travaux (Paris), V. 36, No 
and 217, July, Sept., Oct., and Nov 
425-435, 479-486, and 512-522 


Reviewed by M. W 


213, 215, 216, 
1952, pp. 319-330, 


JACKSON 
The 


planning and construction of 20 prestressed 


entire series of articles covers the 
concrete bridges crossing rivers and canals 
in one area in France. 
200 ft. 
and highway bridges constructed 
1945 1951. Many of the 
designs and details for the various bridges 
are illustrated Elaborate 
details of prestressing techniques are given 
The final 


tabulation of costs for the 20 bridges. 


Spans were up to 
They consisted of both footbridges 
between 
and alternative 


and = discussed. 


article contains «a comparative 

The series contains the astonishing total 
of 366 figures (consisting of photographs, 
sketches, etec.). The 
reviewer believes that this is probably the 


reduced-scale plans, 
most comprehensive publication of the con- 
struction of prestressed concrete bridges yet 
published 

Earlier installments in the series were re- 
viewed in ACI Journau, June 1952, p. 906. 


879 


Properties of sulfated blast furnace cement and 
its uses (Eigenschaften und Anwendungsmoeg- 
lichkeiten des Sulfat-Huettenzementes) 
Betonstein-Zeitung (Wiesbaden 7. & 
1952, pp. 405-408 


W. KRAMER, 
No. 11, Nov 
AUTHOR'S SUMMARY 
furnace cement a 
blast 
furnaces under special physical and chemical 
This sulfated blast 


corresponds to 


To make sulfated blast 


slag is used which is produced in 


conditions. furnace 


cement class I standard 
cement both in its qualities as well as in its 
It is produced in two 
225 and Z 325, and its 


initial 


concrete technology. 
quality types, ae, Z 
strength values, especially the ones, 


are quite satisfactory. Moreover, the sul- 
fated cement can be stored for relatively long 
periods since there are no alterations during 
When 
it shows good plasticity and neither segrative 
and the 
structure of the conerete is uniform and dense 
The article 
explains that strength figures depend on the 
that the 
blast 


as those of the 


the aging process. used in concrete 


nor water-repelling phenomena 


with good strength properties 


and water 
sulfated 


almost as high 


water-cement ratio 


requirements of the furnace 
eement are 
cement brands Its 


standard resisting 


qualities against aggressive chemicals such 
as acid salts and alkaline solutions are superior 


to those of other cement types 


Experiments on the manufacture of microporous 
concrete (in German) 

Erion Parsenke, Silakattech, V. 3, No, 8 
340-344 


1952, pp 


\RSTRACTS 
Hartenheim 


CERAMIC 

Mar. 1953 
The increasing use of lightweight concretes 
usual 


is commented on. Contrary to the 


micropores, which are produced chemically, 


the microporous structure is obtained by 


hardening suspensions of finely distributed 
substances and evaporating the nonchemically 
The 
between the 
after the 
filled 


other by 


bound water. micropores consist of 


hollow spaces solid aggregate 


particles, which, evaporation of 


the excess water, are with air and 


connected with each “apillar ICs, 


micropores consist predominantly of indi 


vidual, separated air pores not connected 


with each other. Steam pressure curing is 


recommended, Two ty pes of steam-pressure- 


hardened lightweight coneretes are dis- 
tinguished: cement concretes and lime con- 


The 


hardenability of the 


cretes former utilize the hydraulic 


cements for setting, 
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which is accelerated considerably by the 


high temperature of the saturated steam. 
The hardening of lime concretes is due to 
CaOH 
and SiO, (quartz sand or quartz sand meal) 


in the 


the formation of lime silicates from 


with saturated 
Tables the physical 
properties of lightweight concretes of different 


treatment steam at 


high pressure show 


compositions. 


Textbook of engineering materials 


Noro, John Wiley & Sons, Ine 
1952, 518 pp., $6.50 


New York, 


MELVIN 
Me. Bes 


Designed for use in a one semester fresh- 
man engineering course to acquaint the stu- 
dent with raw materials from an engineering 
viewpoint, the information is presented in a 
somewhat general manner and is not intended 
as a reference handbook. 

The first half of the 
treatment of the subject. 


book is 


The source and 


a general 


types of raw materials; production of engi- 
materials materials 
and the 


physical, chemical, and mechanical properties 


neering from these raw 


by various processing methods; 
of these engineering materials are discussed 
in a general way. 

In the second half of the book, the basic 
engineering concepts introduced in the first 
half are applied to problems of occurrence, 
production, properties, and applications of 
specific engineering materials. The chapters 


on cementing materials introduce 


both 


briefly 
simple cementing materials (gypsum 
and lime products) and complex cementing 
(various hydraulic 
Portland 
briefly. 


materials types of 


cements). cement manufacturing 


is reviewed Conerete mix design, 
production and application, and properties 


are also discussed briefly. 


Calculation of plain and reinforced concrete 
pipe (Le calcul des tuyaux en beton arme et 
non arme) 


A. GUERRIN and G 
316 pp., about $9.50 


Dante, Eyrolles, Paris, 1952, 


Reviewed by M. W 


JACKSON 


treatment of the 
pipe, 
considered 
Despite the title, the bulk of the text is 


This is a thorough 


structural analysis and = design — of 


hydraulic properties are not 


applicable to pipe of any material. 
Pipe are classified according to use (pres- 


sure, non-pressure), shape (circular, oval, 


elliptical, ete.), quality of materials (cast, 
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spun, ete.), mode of construction (cast-in- 


place, factory made, etc.), and mode of 
placing (on cradles, in trenches, ete.) 

The first of the four chapters considers 
the exterior forces to which pipes are sub- 
jected. Six groups of tests are summarized 
(three from U. 


reviewed; and then 


S. sources); five theories are 
a synthesis of theories 
and tests is presented. 

Chapter 2 considers the internal resisting 
forces and moments in a circular pipe with 
unit length. 


Chapter 3 covers the design 


based first on classical 
then 
concrete, with an analysis of the insufficiency 
of both methods. 
and rupture 
studied. 


Chapter 4 includes special problems such 


ol concrete pipe, 


methods, and considering tension in 
Determination of cracking 


loads by various methods is 


as longitudinal bending stresses, non-circular 
shapes, plasticity of conere te, and calculation 
of deformation of pipes 

At the end of each chapter there is an 
excellent group of clear numerical examples 
illustrating the principles studied. 

There is no English-language book covering 
the field as this 
material is widely seattered in a 


well ais one does. Such 


variety of 
publications. Here it has been well organized 


The book would have 


and clearly presented. 


been even more valuable had a bibliography 
been included. 


Thawing salts and the protection of concrete 
slabs in road surfaces (Ueber Feststellungen mit 
Auftausalzen und den Schutz der Betonfahr- 
bahndecken) 


K, Wauz, Zement-Kalk-Gips 
Jan. 1953 


Wiesbaden), V. 6, No. 1 


Reviewed by Wenner H. Gumperrz 

The author points out that the use of salts 
for thaw ing purposes have caused considerable 
damage in the forming of scale in autobahn 
concrete 


pavements. Despite the coarsely 


ground cement and a very dry mix, the 
Germans are today experiencing some ol the 
have beset American 
admitted that no 
definite reagon can be given as to why road 
under the influence of 


However, it is expected that erystal- 


scaling troubles that 
roads for years. It is 
surfaces deteriorate 
salts 
lizing action combined with physical ex- 
pansion is the cause 

The author discusses some of the experi- 
United States. German 


experience with the application of oil to the 


ments done in the 
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as successful 
York 


resistance 


concrete surface has not been 
as some of the experiments in New 
The substantial improvement in 
action by 


against salt use of air-entraining 


agents is acknowledged. The author points 
out that further research into the underlying 
causes of deterioration through salt action 
would have to be carried out and that air- 
entraining while 


agents, improving the 


situation substantially, will not necessarily 


give a full solution. 


Hydraulic binders (Liant hydrauliques) 
H. Laruma, 2nd Edition, Dunod, Paris, 1952, 128 pp., 
Approx. $2.25 


From Autruor’s Foreworp 


A number of works exist which deal with 
books 


give the details of the doctrine of their use. 


the manufacture of cements but few 


In connection with the variety of cements 


offered for use there are two tendencies. 


binder, especially artificial portland cement 


Americans simply modify one type of 


to fabricate five types. In France, on the 


contrary, there are many categories — of 


binders and the market offers beside portland 
whole range of 


cement, a products: — hy- 


draulic limes, natural cements, 
blast 
cement, and aluminous cements 
1950, 


types of products and there are perhaps a8 


masonry 


binders and cements, furnace slag 
The new 
standards, established in define ten 
many categories not standardized. 

This 


has a certain technical advantage, imposes 


tendency of French industry, if it 
in turn the obligation of knowing the qualities 
and defects of numerous products, if one is 
not to erroneously use a particular category 
of cement 

It is in response to this need that this work 
was written. It ought thus render a service 
to all who utilize cements. 


Dry wall construction with a new type of 
concrete block (Construction a sec par blocs 
enchevetres) 


P. Correnetr, La Techr 
Paris), V. 8, No. 1, Jan 


Reviewed by 


que VM oderne-Construction 
1953, pp. 23-24 


ALEXANDER M. Turirzin 


There is a new type of concrete block which 
makes possible the building of walls without 
mortar joints. The shape of these block is 
somewhat similar to the shape of steel I- 
They differ, 


flange widths and by 


beams however, by unequal 


small projections ut- 


tached to both surfaces of the web. When 
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the block are placed side by side with thei 


flanges in line, the web projections divide 
into two separate compartments the space 
inside surfaces of the 


thus formed by the 


webs and the flanges. When the flanges of 
other block are inserted into these compart- 
ments, the web projections hold the flanges 
in place, thus 
block pattern 
The block are 
the flanges 38 em wide and the other flange 
14 cm block are necessary to 
make a thickness of 28 em 
When used, the 
16 em 


forming an interconnected 


22 em high, with one of 


wide. Two 
minimum wall 
three block are 
thick In 

block, 


it jamb block 


wall is 
addition to the regular 
I-shaped there Is | hollow corner 


block These block are 
set directly one on the top ol the other and, 


and 
after the reinforcing rods are inserted, the 
filled 


block are 


hollow space is with conerete. The 


concrete made of graded agygre- 
gates and the mix is designed to sustain a 
The 


resistant te 


compressive load of 60 kg per sq em 


wall is practically sound 


sistance to heat transmission can be inereased 
by filling the interstices with rock wool or 


cork chips. Capillary action is prevented 
by alternating the joints. 


the first 


Waterproofing of 
course is obtained by laying block 


foundation covered with bituminous 


This 


possible a saving of 30 percent on wall con- 


on a 


material type of construction made 


struction in a recent housing development 


50-year index to ASTM technical papers and 
reports 


Materials, Philadelphia 


American Society for Testing 


Pa., 
This 50-year detailed 
author and subject index to all the American 


1952, 216 pp., $6 
index provides a 
Society for Testing Materials technical papers 
and reports dealing with materials, particu- 
larly their properties and testing, appearing 
in ASTM publications from 1898 
1950 ISYS to 1902 the 
known as the American Section. of — the 
Assn. for Testing Materials; 
in 1902 the society was reorganized as ASTM 
The 
technical papers 
the ASTM 
special 


through 


From society Ws 


International 


index is concerned basically with 


which have appeared in 
IST M = Bulletin, 
publications, or special 
The 


which in 


Proceedings, 
technical 
compilations of standards, 
ASTM Standards,” 
have been published in general at three-year 


“Books of 


recent years 
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intervals with supplements in the intervening 
years, are indexed in 


ASTM 
included in the 50-year index. 


a yearly “Index to 
Standards” and are therefore not 
Certain innovations are embodied in this 
index; for example, the author index which 
precedes the subject listings gives the com- 
plete titles of papers and items covered. 
This makes it possible to present the sub- 
ject. index, by far the major portion of the 
book, in a condensed and easily usable form. 
hundreds of 
headings, and every paper or report reference 
is listed 


The subject index includes 


under the major subjects and 


materials discussed. That is, for each paper 
which concerns a specific test on a specific 
material, the paper has been indexed both 
under the test and the material. If the test- 
ing is of a general nature on a specific material, 
the paper or report is indexed only under the 
material. This same applies to a general 
class of materials subjected to specific tests. 
There is a separate condensed subject: index 
listing all of the technical symposiums. 


Elasticity in engineering 
Eeanest bk. Secuter, John Wiley & Sons, Inc., New 
York, N. Y., 1952, 419 pp., $8.50 


Forming a useful compendium of infor- 


mation on elastic behavior of engineering 


book is divided into three 
The first 


chapters, 


structures, the 


main parts. section, containing 


equations 
and assumptions underlying the whole field 


seven establishes the 


of elasticity and collects the basie equations 
in Cartesian, cylindrical, and spherical co- 
solution of 


ordinates necessary for the 


elastic problems. Topics include uniform and 


nonuniform stress and strain conditions, 


stress-strain relations, and elastic energy 
methods. 


The 
illustrates the use of 


second section, of five chapters, 


these principles in 
solving the problems of stable (non-buckling) 
structures. The author shows where exact 


solutions are possible, indicates types of 


approximate solutions, and sets up the 
boundaries between which various levels of 
That is, 
in dealing with elastic problems of structures 
such 


engineering accuracy are obtained. 


as simple beams, continuous and_re- 


dundant, frames, torsion of members, and 
plate and shell problems, the author shows 
where exact solutions are possible and where 


approximate methods are permissible. Limits 
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of accuracy between exact and approximate 


methods are defined clearly. This section 


will be of 
as it contains a number of topics not readily 


interest to structural designers, 
available in a practical form. 

The third instability 
(buckling) problems in the same manner as 


section deals with 


the second part. This section contains three 
chapters on columns, beam columns, and 
instability of plates and shells. In view of 

literature 
published on elastic instability, it seems that 


the relatively large amount of 


this section could have been expanded some- 
what. 


Dam testing _ techniques. Measurement 
methods, instruments, and apparatus for testing 
of mass concrete structures (Talsperren- 
Messtechnik. Messverfahren, Instrumente und 
Apparate fur die Prufung der Bauwerke in 
Massenbeton) 


A. U, Hueeenpercer, Springer-Verlag 
132 pp., 22.50 DM 


Berlin, 1951 


Apptieo Mecranics Reviews 
ov. 1952 (Bruggeman) 


The 
structed of mass concrete has long attracted 


structural behavior of dams con- 


the attention of the engineering profession. 


Adequacy of designs can be determined 


only theoretically until such time as experi- 


mental data regarding structural behavior 


become available. Model experimentation 


alone has not been able to furnish the needed 


data. Investigation of existing structures 


must also be undertaken to provide completed 
data. 
In this brief volume, the author has col- 


lected descriptions of a large 


measuring devices and has given an intro- 


variety of 


duction to observational procedures, instal- 
lation methods, and the 
instruments and 


handling of the 
apparatus. He believes 
that this is one of the great voids in structural 
behavior investigation, and he is to be con- 
gratulated on the way in which he has bridged 
this gap. 

Reviewer would like to point out that 
another void still remains, 7.e., an adequate 
To the 
this entire field has 
treated in individual 


treatment of 
best. of 
not been satisfactorily 


methods of analysis. 
his knowledge 


articles. 

It is also noted that in some cases, par- 
field, 
progress has been made both in design and 


ticularly in the strain-meter much 


in the analysis of results since the author’s 


last visit to this country, and reviewer 
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recommends reading recent American liter- 
ature in place of this section of the book. 
In particular, the work at the Bureau of 
and strain has been 
Raphael, J M.. “The 
Measurement 
in Dams,” Third Congress on Large Dams, 
1948; (2) Raphael, J. M.. “The Development 
ot Stresses in pam.” #£ 
ASCE, V. 78, Separate No. 117; (3) Raphael, 
J NI . and 
Strsin Measurements in Dams by 
Punched Card Machines,” 
ASCE Convention, Denver, 
(4) “Measurements of the Structural Behavior 
ol Norris Technica 
Vonograph Tennessee Valley 


\uthority, Aug. 1950 


stress 
(1) 


Stress 


feclamation on 
documented in: 


Determination of from 


Shasta roceedings, 


Bruggeman, J. R., “‘Analvsis of 
Use of 
given at 


1952; 


paper 
June 
and Hiwsssee Dams,” 
No 


Knoxy ible ’ 


67, 


Tenn., 


Fire resistance of prestressed concrete 
Surreyor (Lond V. 112, No. 3183, Mar. 7, 1953 
p 

M. W. Jackson 
study of 


Brief description of prestressed 


concrete during and after fires, being made 


by the Fire 


] ollowing iné 


Research Station, england 
tentative conclusions based on 
a small number of tests 
“(1) 


largely by 


Ting to collapse is determined 


the rate of rise of temperature 
\ fire resistance of 2 hr can be 
to the cable 
likely 


may be 


ol the eable 


obtained with a conerete cover 
ol ihout 21 » in 
if the 


desirable to 


Longer periods are 


Covel! is increased, but it 
reiniorcement, 
the cable 


against its spalling away if 


include a light 


sav, steel mesh, in the cover to 


as & precaution 
its thickness is increased beyond 3 in 
“6(9) 


2) For a fire-resistance of 4 hr or more 


an Insulating encasement is probably required 
Normal im situ plastering with gypsum or 


cement lime sand may give up to !o. Il 


additional resistance if there is an adequate 


key with the concrete Protection INCOF po- 


rating vermiculite should incresse the fire 


resistance by about 
thick. 


“(3 


2 hy when applied 1oin 


Beams may fail a little earlier if 


longitudinal eXpansion is prevented than if 
The effectiveness 


they are tree to expand 


of the restraint is a determining factor, but 
the results so far do not permit a quantitative 
statement to be made 

“(4) There is little difference in’ perform- 


ance between a beam of rectangular section 


REVIEW 
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and an I-he im h iViIng the sume load-c uUTving 


capacity and the same concrete cover to the 


cable 
(5) Explosive spalling, which was observed 


in very small units made with gravel aggre- 


gate, does not seem likely to occur in beams 


less than about 2 in. tota 


hav Ing no part 
thickness, 


“(6) Failure is unlikely to be sudden 


There is «a progressive sagging, which = in 
bn ims ot 


The 


oft crack 


large span would be more notice 


able formation and visible extension 


= with a marked increase in deflection 


are signs that collapse is imminent 
“(7) Beams which have been exposed to 
than that which 


a fire of shorter duration 


would failure, less 
than 


to retain 


CAUSE representing, S10 


their fire resistance, are 


half of 


i high percentage ol then original 


strength on cooling, but with «a marked 


residual deflection and loss. of 


This 


troversial 


prestress - 


is a V tluable eontribution to a con 


subject, and further test results 
] 


should prove equally interesting 


Mechanics—Part 1: Statics 
J. | Miexnram. John Wilev & So 
N. ¥ 1952, 340 pp., $4 


Mechanics—Part 2: Dynamics 
J. L. Menrtam, John Wiley & Sons 
1 


N 952, 330 pp. $4 


Conforming to American engineering s¢ hool 


pl icTICces, these two volumes cover basi 


mechani s, ind reflect the 


that a 


engineering 


author’s belief student to aequire i 
full and useful appreciation of basic principles 
must progress from the relatively simple and 
svmbolic problems to the more practical and 
The 


concerned with ten hing simple, 


Interesting ones author seems chiefly 
basic princi 
ples and their universal applicability 

The development ol principles clear, 
concise, and complete, and is followed by 
sample problems in which all steps in the 
solutions are ¢ xplained in detail Stimulation 


of interest and the opportunity for wide 
appli ‘ation of principle s are achieved through 
an original collection of practical proble lis 
The printing and illustrations in both volumes 
are excellent 

Part | begins with an over-all introduction 
to the field of mechanics and progresses trom 
force systems through equilibrium. lmphasis 


the principles which 


detailed differ- 


is on relatively few 


govern all e: rather than 
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entiation ol special CHSES, The coverage ol 


statics is broadened by the treatment of 


shear and moment distribution in beams 
and by a ngorous presentation of the method 
work 
energy criterion for equilibrium 

Part 2 


emphasis. 


of virtual leading to the important 


follows a similar pattern and 


Kinematics is treated separately 


from kinetics, but for easy reference the 


study of motion is divided into the same 


categories used in the chapter on force, Mass, 
and acceleration. Emphasis is on the direct 
use of the equations of motion, although the 
method is deseribed and used 


The 


stresses the type of problem for which this 


Inertia-lorce 
alternately. work-energy = chapter 
method is superior to the other by use of the 
The 
treatment of impulse and momentum leads 
to the 


force-mass-aeceleration equat ions. 


subject of variable mass which is 


illustrated with problems on rocket and jet 
propulsion An introduction to mechanical 


vibrations and other evelic motions is pre- 


sented in the last chapter on periodic motion. 


Prestressed concrete roads under review 

W. P. ANprEWws, Contractors and Engineers Mont} 

V. 50, No, 4, Apr, 1953, pp. 44-49 
Reviewed by M. W 


JACKSON 


Text of papel presented before 
Assn 


construction — of 


American 


toad Builders reviewing experiences 


with prestressed concrete 


pavements. 
best 


There is no unanimity as to the 


method of placing the steel, the best position 


of the steel, or the size and spacing of ex- 
pansion 


indicates 400 ft 


joints experience in’ England 


is probably the maximum 
length that can be economically placed, and 


this requires a 3 in. 
One of the 


wide expansion joint 
earliest 
Orly, 


Wiis 


pavements Was con- 
structed at 
1945-46. It 


and consisted of precast slabs, each about 3 


France, by Freyssinet in 


1368 ft long, 195 ft wide, 


ft square, 6.5 in. thick. Anchorage of steel 


was secured by heavy abutments. 


In 1949 
long, 26 ft wide, 6.5 in. thick was constructed 


a section of concrete road 164 ft 
at Esbly, France. The amount of prestressing 
steel used appeared excessive 

In 1950 at England, a 
100 ft long, 26 ft wide, 6 in 
structed. 


Crawley, section 
thick was con- 
The cables were run diagonally. 
Esbly and Crawley 


Assn. 


From experiences at 


the Cement and Concrete (England) 
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1953 
began a study of the problem. Pretensioning 
did not seem practical due to difficulty of 
forming suitable anchorages The value ol 
transverse prestressing seemed small Run- 
ning cables parallel with the 
slab offered 
and labor. 
Three test 
130 ft in 


research station 


length of the 
greatest economy In materials 
sections, 190 ft, 110 ft, 
length, 


and 
were constructed at the 
at Wexham Springs by the 
light steel sheaths for 
was difficulty 
half of the 


between the two ends 


Using 
there 


prest ress; over 


association 
the cable, in applying 
stress was lost 
The cause was found 
to be crushing of the conduit against the 
cable in construction operations, introducing 
excessive friction It was considered that a 
much stronger steel sheath as used at Crawley 
would be satisfactory, but 

In May, 1952, at 


section was constructed using 


too eXpensive 
Jasildon England, a 
a 30-ft length 
supported at frequent intervals 
by blocks \s 
and around the pipe, if Was moved forward 
This left a 
clear hole in which it was easy to place the 
cable. Also at 124-it 


curve Was required. were @h- 


of water pipe, 
concreting proceeded over 


by chain and cable to a winch 


Sasildon, a radius 


The 


proprietary 


eables 
closed in a strong 


followed the 


she ithing; 


some perimeter f the curve 


and others were placed Im stl iight lines ss 


chords to the curve 


\ danger in prestressing 1s that «a weak 


spot in the concrete May occur at a pomt 


where the jack applies a heavy load On 
occur, with 


Wi dye s have 
30 or 40 vd. 


one job such an accident did 
lumps of concrete flying out 

been known to fly out and travel 
slabs 


poor, compressible 


Prestressed concrete offer a good 


possibility on subgrades 


such as deep peat bogs Even with slabs 


only 200 ft long there would be 
bution of traffie loads, 


lightness of the construction would not im- 


a big distri- 


while the relative 


pose an unduly heavy’ load on the soil 


Freyssinet claims 6.5 in prestressed slab 


was same strength as 24 in. of normal con- 


crete Road slabs only 3 or 4 in. thick are 


visualized 


Keconomy, ot prestressed conerete roads 


has not been fully determined Figures 


quoted for British and French jobs indicate 


costs «are comparable to the equivalent 


ordinary concrete road required 





Title No. 49-62 


Compacting Concrete by Vibration’ 


By H. S. MEISSNERt 
SYNOPSIS 


Vibration compaction is one of the important advancements in concrete 
technology. There yet remains, however, something to be learned about the 
fundamentals of vibration and the characteristics of vibrators to make more 
efficient use of this method for compacting concrete. A description and 
classification is given of the various vibrators in use together with some 
discussion of their characteristics and the type of work for which they are 
adapted. 


INTRODUCTION 

When concrete was first adopted by the building industry, the practice 
was to place it in relatively shallow lifts, or layers, with a consistency re- 
sembling that of a moist earth. It was compacted with heavy tampers and 
rammed at the expense of much hand labor. As plain concrete it first found 
use in foundations, retaining walls, dams, and other structures with sizable 
dimensions. Those structures which remain of this early period, attest that 
such methods produced concrete of excellent and lasting quality. 

With the invention of reinforced concrete came thinner sections and the 
need for concrete of plastic consistency. The original, earth-moist mixes 
were too difficult to place in narrow forms filled with reinforcing steel, and 
wet mixes of plastic consistency therefore became the vogue. Since the more 
workable mixes required less labor, the change was a popular one. So popular 
that, when it was also discovered that the new mixes could be transported 
by inclined chutes, they were made even wetter. 

The error in this trend soon became manifest but, like a bad habit once 
indulged, persisted far too long. Today we are retracing many of the errant 
steps back toward the concrete of low water content and dry consistency. 

Even among the builders who tamped the early earth-moist concrete, 
there was recognition of the fact that the drier their mix, the stronger it 
became. Bulletin No. 1, Structural Materials Research Laboratory, Lewis 
Institute, by Duff A. Abrams, showed how the same rule applied to the 
popular plastic mixes. As knowledge of the fundamental principles of con- 
crete making grew, the undesirable qualities of sloppy mixes became more 
apparent. Nevertheless, low-slump, dry mixes, which tests had proved 
would produce the better concrete, were not completely favored because of 
the extra effort and expense required to thoroughly compact them. 

*Presented at the ACI 49th annual convention, Boston, Mass., February 18, 1953. Title No. 49-62 is a part 


of the copyrighted JouRNAL oF THE AMERICAN Concrete INstirutre, V. 24, No. 10, June 1953, Proceedings V 
49. Separate prints are available at 35 cents each. Discussion (copies in triplicate) should reach the Institute 
not later than Sept. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tMember American Concrete Institute, Chairman, Committee 609, Compaction of Concrete by 
Means; Research Engineer, Bureau of Reclamation, Denver, Colo 
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Then it was discovered that fresh concrete, even though dry and harsh, 
acquired entirely different rheological properties when shaken or subjected to 
high frequency vibratory impulses. When converted to a tremulous state, the 
consistency of harsh concrete changed to a plastic one, and plastic concrete 
became semifluid. Apparently, friction between various particles in the mix 
was reduced by the rapid vibrations to such an extent that the whole mass 
became fluid. When the vibrations stopped, friction again immobilized the 
concrete. Under violent agitation, and in the quasi-liquid state, the force 
of gravity caused the mix to subside and seek its greatest density. 

With this discovery, an economical way for compacting unmanageable, 
stiff, dry concrete presented itself. Machines for imparting the quivering 
motion to the concrete were developed and reluctance to the use of anything 
but the sloppy mixes disappeared. With the introduction of the vibrator, 
it was also found that much handwork could be avoided and that concrete 


operations were more mechanized, with attendant reductions in cost. 


Advantages of vibration 

The advantages of compacting concrete by vibration include: lowered costs 
of concrete through ease of placement and by reduced cement content; greater 
density and homogeneity in the concrete; greater strength; improved bond 
with reinforcement; greater bond at construction joints; greater durability ; 
and reduced volume change or shrinkage. These advantages have been so 
well documented that they require no elaboration in this paper. The savings 
achieved and the improved qualities in the concrete are now so well estab- 
lished that vibration has become an accepted practice in practically all types 
of concrete work. That so many improvements can be attributed to one 
innovation makes vibration one of the greatest advancements in concrete 


technology. 


Research on vibration 

Although the practice of vibration has been well established for 20 years 
and many types of equipment have been evolved to compact concrete by this 
method, there yet remains a great deal to be learned about the basic principles 
involved so that vibrators may perform more efficiently. Enough experiences 
were had and sufficient data were accumulated by 1936, however, to permit 
ACT Committee 609, Vibration of Concrete, to publish its “Recommendations 
for Placing Concrete by Vibration,” which appeared in the March-April 
issue of the JouRNAL for that year (Proceedings V. 32, p. 445). None of the 
conclusions or recommendations of this report have beea invalidated by any 
developments during the intervening vears. There are, however, new techno- 
logical advancements such as entrained air in conerete which require ad- 
ditional discussion to bring this report up to date. Vibration, if overdone, 
can remove much of the purposefully entrained air, especially if the area 


of placement is much confined. This is discussed in an accompanying papet 
by Walter O. Crawley.* 


*Crawley, Walter ©., ‘Effect of Vibration « 
V. 49, p. 909 





COMPACTING CONCRETE BY VIBRATION 


Measurements have been made upon fresh concrete, while subject to 
Vibration induced by machines with various characteristics. ‘These studies 
have been undertaken to discover what basic conditions produce effective 
compaction. They have included measurement of the velocity, acceleration, 
and amplitude imparted to conerete particles in the concrete, as well as 
observations of the same movements by the vibrator. A conclusion from one 
set of tests is that frequency of vibration is of lesser importance than ac 
celeration. For satisfactory consolidation the acceleration must be greatel 
than some critical value, varying with the mix, but for most mixes this will 
he 4g. A contemporary paper by Sven G. Bergstrom* describes recent labo 
ratory tests undertaken to determine the effect of vibration upon the char- 
acteristics of fresh concrete This shows how the workability ol concrete, 
expressed in terms of deformability, changes with time of vibration. His 
tests also indicate that, depending upon the initial workability of the con- 
Crete, deformability may be decreased as well as increased by vibration 
Speed of vibrators 

It was early recognized that the effectiveness of vibrators was closely 
related to the frequency at which they operated. When vibration was first 
introduced, the results of vibrators operating at frequencies of a Tew thousand 
eveles per minute were considered astounding It was soon observed, how- 
ever, that by increasing the frequency of the vibrator its effectiveness, as 
judged by the time required to consolidate a given amount of concrete, was 
increased even in greater proportion. As stated previously, the acceleration 
of the vibrator has been found to be of great importance when judging its 
efficiency. Since, in simple harmonic motion, acceleration is directly pro- 
portional to amplitude but proportional to the square of the lrequeney, if 
may be readily appreciated why the enhanced effectiveness of vibrators was 
noticed when they were speeded up 

However, difficulties in) producing machines that will endure and give 
good service while operating at high speeds have imposed practical upper 
limits upon the frequencies to be employed. The speed of induction-type 
motors is dependent upon the frequency of the alternating current and cannot 
exceed 3600 rpm with 60-cevcle current unless this is increased with frequency 
converters. The speed of universal-type motors is, of course, limited by their 
endurance and the load applied to them When the latter type is emploved, 
power Is generally transmitted to the vibrator by a flexible shaft The 
maintenance of such shafts, whose life and resistance to wear is a function 
of the rotational speed to which they are subjected, will generally dictate 
operational speeds below 10,000) rpm. 

Gasoline engine driven vibrators also usually use the flexible shaft for 
power transmission, with belt and pulley gearing between the motor and the 
shaft to keep the motor speeds within practical limits Again, however. the 


safe upper frequencies that can be employed are governed by what the 


flexible shaft will endure without excessive repall and replacements 


*Kergstror Sven G Lal itory Test m Val ti f Cor ete ACT Jounna June 1953. P 
p SON 
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Pneumatic or hydraulic vibrators, using turbine motors, should be capable 
of producing very high frequencies, limited only by friction of moving parts 
and the wear and tear of bearings. As a practical matter, their speeds and 
efficiency depend upon a steady and adequate supply of air or fluid at required 
pressures. 


VIBRATOR TYPES 


Vibration has been imparted to concrete by two general methods, external 
and internal. The external method may be further classified to include sur- 
face vibration, form vibration, and vibration of molds. In surface vibration, 
the vibrator rests or floats upon the concrete surface. Form vibration is 
achieved by attaching or applying the vibrating machines to the forms so 
that they (the forms) transmit the impulses to the concrete. Vibrating 


tables are used to compact precast units by placing the molds and contents 
upon them. When the vibrator element is inserted or pushed into the con- 
crete, it is said to be vibrated internally. 
Surface vibrators 
The platform vibrator 
illustrated in the upper 
right corner of Fig. 1 was 
one of the earliest types 





devised to impart vibra- 
tions to the surface of con- 
Form Vibrator Platform Vibrator crete. This type was the 
first used to compact mass 
ce concrete in dams and when 
introduced was referred to 
as a “puddler.” Although 
two men were required to 





handle the apparatus, its 
ability to satisfactorily con- 
solidate concrete contain- 
ing 6-in. cobbles of drier 
consistency than formerly 
placed by hand, with less 
effort than previously taken 





to spade and tramp the 
concrete, was immediately 
recognized. Both electric 
motor, operating an eccen- 
trie weight, and gasoline 
engine, with an eccentric 
flywheel, have been used to 
Surface Vibrator power this equipment. Be- 


Fig. 1—External or surface vibrators sides use on mass concrete, 
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it is also adaptable to thick slab work. It has been superseded on mass con- 
crete work, however, by one-man and two-men internal vibrators similar to 
those shown in Fig. 2. 

Another surface vibrator, which can be operated easily by one man, is 
depicted in the lower left corner of Fig. 1. When in vibratory motion very 
little friction exists between the screed and the concrete surface so that the 
operator may direct it quite freely in any direction. It is useful on all types 
of slabwork, floors, pavements, and driveways. 

The two-man vibrating screed of Fig. 1 has the vibrating element, electro- 
magnetic, electric motor or gasoline engine drive, mounted upon a narrow 
and long screed. It can be used for leveling and finishing pavement or floor 
slabs as well as compacting the concrete in them. 

Vibrating tables 

Manufacturing plants, producing precast concrete units of various kinds, 
have found vibrating tables a useful and rapid way to compact the contents 
of molds placed upon them. The pulsating element is clamped to, or built 
into, a spring-supported table or platform which supports the molds during 
the compacting period. Often also, the vibrating element is momentarily 
clamped to gang molds. Such apparatus lends itself to assembly line methods 
of precast unit production. 


Form vibration 

Often when concrete is to be placed in narrow forms, or in the manufacture 
of thin-walled concrete products, such as pipe and other precast pieces, 
vibration of the form itself is one of the simplest, most efficient means of 
compacting the concrete. This is generally accomplished by clamping or 
attaching to the form, one or more vibrating units comprising a built in 
electric motor and eccentric. Pulsating electromagnetic units are also used 
for this service. Such form vibrators are extremely useful on tunnel-lining 
work, casting monolithic siphons, or other thin-shell concrete construction. 
They have been an aid to the manufacture of concrete block and precast 
concrete products by attaching them variously to block machines. These 
units have also been used to induce flow of pulverulent or granular materials 
from hoppers or bins, or to control the feed of such material from bins and 
chutes. 
Internal vibrators 

It is generally conceded that internal vibration is the most efficient method 
for general construction work, and equipment for accomplishing it has found 
the widest usage. The several types of apparatus built for this purpose are 
illustrated in Fig. 2. Vibratory motion is secured in all internal types by 
means of a rotating eccentric weight. In some instances, such as the ball or 
torpedo type, the unbalanced rotor of the electric motor, which comprises 
that part of the vibrator inserted in the concrete, induces the vibratory 
motion. In most cases, however, the motor is distinct and apart from the 
portion carrying or housing the eccentric unit. The connection between 
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motor and vibrator unit 

may be a short spline 

drive, as depicted for the 

rigid-type vibrator in Fig. 

Gasoline Engine — 2, or it is more often a 
Drive Sz flexible shaft sheathed in a 
flexible metal and rubber 

tube. Other types of in- 

ternal vibrators are air- and 


High cycle 


dette mater oil-driven, in which designs 


the motors are small tur- 
bine rotors built within the 
spud (the vibrator element 
itself) and connected to the 
eccentric rotating weight 
by a spline. 

Torpedo or ball type 
The chattering which an 
electric motor must endure 
when comprising the vibra- 
tor spud, as in the torpedo 
or ball type, imposes strains 
on parts and bearings which 
result in heavy repairs 
and replacements. Never- 
ty theless, this type of vibra- 
Laboratory One man tor soon replaced the plat- 
Two man Type general us€ form surface vibrator for 
MASS CONCRETE RIGID 


Fig. 2—Internal vibrators demands for higher frequen- 
cy arose, it became evident 


One man 


mass concrete work. As the 


that wear and tear on motors could be avoided by making motor and eccentric 
unit separate. A grounded wire, part of the power supply cable, attached to 
the handle and case, is imperative for this type of vibrator to avoid the chance 
of electric shock to the operator.’ 


Vibrators for mass concrete 

Mass concrete vibrators constructed as shown in the lower left corner of 
Fig. 2 were next developed. These have been built with both induction motor 
and air motor drives, with motors at the top, or handle end of the vibrator. 
Only the eccentric weight end of this type of vibrator is inserted into the 
concrete. Some designs are completely rigid; others have a short flexible 
tube, with flexible cable drive, between motor and vibrator element. Others 
have that section between motor and spud bent so that the spud may easily 
be laid horizontally in the concrete to enable it to be used on slab work. 
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When powered by electric motor, operating frequencies near 7000 rpm are 
secured by doubling the usual 60-cycle alternating current with frequency 
converters. Grounded lead wires are also essential to this equipment when 
electric powered. 

Much objection has been voiced against pneumatically driven vibrators of 
this type, because on too many jobs the supply lines are inadequate or the 
use of air for other purposes depletes the supply for the vibrators, causing 
them to run at less effective speeds. Some difficulty has also been experienced 
with pneumatic vibrators from moisture in the exhaust air freezing when 
the compressed air expands. This can be overcome by the addition of aleohol 
in the lines, but still presents a troublesome condition with pneumatic 
equipment 


High cycle vibrators 

Difficulties were encountered by manufacturers in attempting to develop 
high speed in internal vibrators of the torpedo or ball type. Some vibrator 
manufacturers have not, however, abandoned the idea of electric motors 
built into the spud, believing that an induction motor operating with very 
high frequency alternating current can be successfully built to stand the 
extreme vibration and jolting which it must endure. With higher frequency 
alternating current, much greater rpm can be secured (which is desirable 
for vibrator performance), and a much more powerful but smaller motor can 
be built. Concomitantly a smaller rotor also reduces the load on bearings. 
Such a design eliminates the need for flexible shaft drive and avoids much 
of the maintenance which flexible cables demand. By using 180-cycle alter- 
nating current generators, frequencies of 9500-10,000 rpm are secured. A 
vibrator of this type is illustrated in the top center of Fig. 2.) An alternating 
current generator, or frequency converter (not shown), is a necessary adjunct 
Vibrator with mechanical frequency conversion 

A vibrator, made in Sweden, is on the market which employs a remarkable 
principle in its design, securing high-frequency oscillation of the spud even 
though the motor and the flexible cable drive operate at low (3500) rpm 
In appearance it is similar to the electric motor drive type illustrated near 
the top right center of Fig. 2. Although the flexible shaft and motor operate 
at low speeds (and therefore have long life and little maintenance) a simple 
mechanical frequency converter steps this up so that the spud itself will 
vibrate at 13,000 rpm. 
Pneumatic drive vibrator 

Air driven vibrators, such as the one illustrated near the top left center 
of Fig. 2, avoid much of the repair and service difficulties met with vibrators 
driven by flexible shaft. Having a small turbine motor built into the vibrat- 


ing spud, they are capable of delivering high frequencies as long as a plentiful 


supply of air at sustained high pressure is provided to operate them. The 
illustration shows an automatic oil dispenser which trickles oil into the air 
supply to keep the air motor in this type of vibrator well lubricated. Alcohol 
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can also be added in this manner to prevent moisture in the expanding 
exhaust air from freezing. 


Hydraulic drive vibrator 

In the top right corner of Fig. 2 is shown an internal vibrator hydraulically 
driven. The spud contains not only the eccentric weight but also a small 
liquid turbine motor. Oil is supplied to this motor at high pressure and in 
considerable flow from a gasoline engine driven pump. As return flow of oil 
to the pump is required, two hose lines (in contrast to one with a pneu- 
matically driven vibrator) are necessary. The two lines are contained in a 
single housing from the operating valve to the spud unit for ease in handling. 
Gasoline engine drive 

The flexible shaft, gasoline engine driven vibrator shown at the top left 
corner of Fig. 2 is the most popular type of internal vibrator built to compact 
concrete on small isolated pieces of work where electric or pneumatic power 
is not available. While excellent for this purpose, when kept in good repair 
and operating condition, experience has shown that they do not give as 
dependable service as the electric or pneumatically driven types. Gasoline 
engines, driven at the speeds required for efficient compaction, require con- 
stant care, adjustment, and tinkering to keep them running and invariably 
they fail at crucial moments when need for the vibrator is greatest. The 
engine and mount are often too bulky to permit the vibrator to be effectively 
placed and moved on scaffolding or crowded runways. 


CONCLUDING REMARKS 


Manufacturers have provided the construction industry with a wide 
variety of vibratory apparatus for compacting and consolidating concrete. 
Selection may be made from these by the user with regard to the type of 
work to be undertaken and the motive power available to him on such work. 
Some vibrators are produced particularly for mass concrete work where lean, 
dry mixes with cobble size aggregate are handled in great quantities in large, 
unconfined spaces. Others have vibrating spud elements of moderate size 
with flexible handles and drives so that they may be easily handled and 
inserted in restricted spaces between forms and reinforcing steel. Some 
vibrating elements may be attached directly to forms with clamps to permit 
vibration of concrete in thin walls, pipe, and piles, and a wide variety of 
surface vibrators are to be found in the shape of platforms or screeds for 
placing sidewalk, roadway, or other slabs. Gasoline engine, electric, hydraulic, 


or air driven motors can be selected as alternate types of power for operating 
the several classes of vibratory equipment, each of which may have some 
advantages or disadvantages depending upon the various uses and conditions 
to which they are subjected. The manufacturers all are aware of the increased 
efficiency achieved with vibrators operated at high frequencies and have 
generally attempted to provide this, consistent with the maintenance and 
repairs that accompany high operating speeds. 
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Laboratory Tests on Vibration of Concrete’ 


By SVEN G. BERGSTROM 
SYNOPSIS 


A brief survey of tests dealing with pressures, displacements, and energy 
consumption in fresh concrete compacted by internal vibration. Three 
methods of determining the radius of action of the internal vibrator and the 
effects of variation in the radius of action with the concrete mix and with the 
vibrator characteristics are discussed. A graph presents some data on the 
energy consumption during vibration. Described is an apparatus for studying 
variations in the properties of fresh concrete with time of vibration. The 
type of these variations characterizes the fresh concrete in respect to required 
time of vibration and liability to segregation. Mention is made of a few test 
results concerning the relation between properties of hardened concrete and 
time of vibration. 


INTRODUCTION 


This paper is a survey of laboratory tests on vibration of concrete made 
over many years at the Swedish Cement and Concrete Research Institute, 
Stockholm. In the main, these tests can be classified as studies of pressures, 
deformations, and consumption of energy in fresh concrete subjected to 
internal vibration; effects produced by vibration on the properties of fresh 
concrete; and effects of vibration on the properties of hardened concrete. 
The tests dealing with internal vibration constituted an independent  in- 
vestigation, which has been completed, at any rate temporarily, whereas the 
other two investigations are still in progress. The conclusions drawn from the 
latter two investigations are therefore not final and may be altered by future 
test results. 

STUDY OF INTERNAL VIBRATION 
Testing equipment 

These tests! were to furnish information on internal vibration of fresh 
concrete when disturbances due to the walls of the form are slight or non- 
existent. Static pressures, dynamic pressures, and displacements in the body 
of concrete, acceleration and energy consumption of the vibrator, and the 
amount of subsidence of the concrete surface were measured. 

The pressure gages were of the inductive type in which the pressure acted 
on a steel membrane to which the secondary coil of the electrical system 
was attached. The primary coil was fastened to the case of the pressure 
gage. Deformation of the membrane under pressure changed the relative 

*Presented at the ACI 49th annual convention, Boston, Mass., February 18, 1053. Title No. 49-63 is a part 
of copyrighted JouRNAL OF THE AMERICAN Concrete Institute, V. 24, No. 10, June 1953, Proceedings, V. 49 
Separate prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later 


than Sept. 1, 1953. Address 18263 W. MecNichols Rd., Detroit 19, Mich 
tResearch Engineer, Swedish Cement and Concrete Research Institute, Stockholm, Sweden 
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Dynamic pressure 
amplitude 


totic pressure 


Fig. 1—Variation in pressure during vibration 


position of the coils, and hence changed the voltage induced in the secondary 
coil. Variations in this voltage were recorded by an oscillograph. 

Fig. 1 shows the general shape of the curve representing variation in 
pressure during internal vibration. Before vibration is started, the pressure 
is, of course, only static, and its value p, is dependent on the depth of the 
pressure gage below the concrete surface and on the degree of compaction 
of the concrete during its placement in the form. After vibration starts, 
the static pressure increases in the region influenced by vibration, and a 
dynamic pressure is superposed on the static pressure. After vibration for 
a certain period ,both static and dynamic pressures reach steady state values 
p, and py, respectively. 

In five tests the displacements in the concrete were measured by Philips 
GM 5520 commercial electrodynamic pick-ups, which were protected from 
moisture by thin rubber sheaths. In the first two tests, the subsidence of 
the concrete surface was determined by leveling. However, this method 
required interrupting vibration at regular intervals and for comparatively 
long periods. To avoid this drawback, subsidence of the concrete surface 
in the following tests was determined photogrammetrically. This method 
was found to be flexible and it enabled measurement with satisfactory ac- 
curacy of the propagation of the front settlement in a direction away from 
the vibrator. 

The vibrator used in the tests was a Type RSB 70 internal vibrator manu- 
factured by AB Vibro-Verken, Stockholm. It was slightly modified to more 
sharply define the test conditions. The vibrator performed a conical oscil- 
lating motion, which reached its maximum amplitude at the point of the 
vibrator. Frequency and amplitude of the vibrator were readily varied by 
exchanging standard parts. 


A piezo-electric accelerometer, in which the pressure acted on quartz 
crystals, was attached to the point of the vibrator. The accelerometer was 
calibrated on a vibrator table, and its indications were recorded by an 
oscillograph. 


The power input to the motor operating the vibrator was measured by a 
recording wattmeter. After determining the efficiency of the motor, the power 
input to the vibrator proper was calculated. 

Description of tests 

In all tests, the vibrator was suspended vertically above the center of the 
form, and was inserted into the concrete to a depth of 40 cm. In the first 
two tests, the dimensions of the forms were chosen to ensure freedom from 
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TABLE 1—DATA ON CONCRETE USED IN INTERNAL VIBRATION TESTS 


Coarse 
Cement content Water- Water aggregate Consistency * 
Test cement content, content, 
No kg Percent ratio, percent percent VB Slump, 
percum | by volume) by weight by volume by volume | Numbert em 
300 9.7 0.66 l 
205 9.5 0.59 l 
350 11.3 0.45 l 
350 11.3 0.45 | 
350 11.3 0.45 ] 


qy OR 


5 10) 


*Measured when the concrete was placed in the form 

tThe Swedish VB test? is a modification of Powers’ ‘remolding test rhe VB number is the time, in seconds 
required for remolding a slump cone into a cylinder by vibration at a frequency of 50 eps and an acceleration of 
about 3¢ 


disturbances caused by the walls of the wood forms. The form used in the 
first test was 3 x 3 min area and 80 em deep. In test No. 2, the corners were 
cut off to obtain an octagonal form, but the other dimensions of the form 
remained the same. These tests showed that the radius of action of the 
vibrator was slightly less than 60 em and that the vibrating effect under the 
point of the vibrator was slight. In the remaining three tests, form dimen- 
sions were therefore reduced still more, and a cylindrical form 120 em in 
diameter and 50 ecm deep was used. 

The composition and consistency of the concrete mix are given in Table 1. 
Composition of the concrete mix was the same in tests No. 3 to 5, while the 
concrete employed in test No. 1 was more fluid, and the consistency used in 
test No. 2 was the same as in tests No. 3 to 5, whereas the composition of 
the concrete mix was different 

The operating data (Table 2) of the internal vibrator were maintained 
constant in tests No. 1 and 2, in which the composition of the concrete was 
varied, whereas the vibration characteristics were varied in tests No. 3 to 
5, in which the composition of the concrete mix was kept constant 

A direct comparison between test No. | and 2 and tests No. 3 to 5 is not 
possible, since the interval from the beginning of concrete mixing to the 
beginning of vibration was about 3 hours in the former tests, while it) was 
only about | hour in the latter. The large difference between these two in- 
tervals was due to a substantial difference in form dimensions, and hence 


also in quantity of concrete and in time of preparation 
TABLE 2—OPERATING DATA OF INTERNAL VIBRATOR 


Caleulated Calculated) Calculated Observed Observed Calculated 
Test (Frequency, amplitude velocity, acceleration) acceleration) acceleration, centrifugal 
No. cps in alr, in air, in air, in air, in concrete, force, 


mii s ms S mss kyf 


150 50 1S 160 110 300 
150 50 160 180) 300 


250 249 é 720 500 5OO 


152 50 160 5 300 


Ids | 17 150 } 100 300 





896 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1953 


Fundamental test results 

The general character of the relation between the time of vibration on the 
one hand and the static and dynamic pressure on the other hand has already 
been illustrated in Fig. 1. If the concrete in which a given pressure gage 
is embedded is subjected to complete consolidation, the static pressure must 
be equal to the hydrostatic pressure, and it takes longer to reach this pressure 
as the distance from the pressure gage to the vibrator becomes greater. This 
is clearly seen in Fig. 2, which represents the static pressure in test No. 2 
as a function of the distance from the vibrator, the time of vibration being 
used as a parameter. The dynamic pressure (Fig. 3, test No. 2) exhibits a 
similar variation, but in this case the maximum value which the dynamic 
pressure will reach after complete consolidation is not known. In test No. 


/ 2 (Fig. 2 and 3) the dy- 
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° 4 The variation in the am- 
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Distance from centre of vibrator in cm compaction. On the other 


Fig. 2—Static pressure as a function of the distance from the hand, these measurements 

vibrator (test No. 2)—depth 30 cm. Figures on the curves afford a possibility of ex- 
express time of vibration in seconds ; : ; 

pressing the vibration 

T 


transmitted to the concrete 
| 


in terms of its acceleration 


8 


| 

| 

T T 
| Both pressure and am- 
plitude of displacement in- 
dicate a relatively sharply 
defined region of transition 
from vibrated to nonvi- 


8 


brated concrete. This re- 
gion is marked even more 
sharply by subsidence of 
the concrete surface. Fig. 
5 (test No. 3) shows the 


Pressure amplitude ing per cm?® 








| _ J contourlines of the concrete 
7) 1/00 /50 


Distance from centre of vibrator incm * 


Ss 





surface determined from 
photograms. A sharply de- 
Fig. 3—Dynamic pressure as a function of the distance — {j),¢{ plane surface is seen 
from the vibrator (test No. 2). Figures on the curves. 
express time of vibration in seconds in the immediate neighbor- 
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hood of the vibrator. The 
size of this surface may 
possibly be regarded as a 
criterion in estimating the 
radius of action of the vi- 
brator. 


The radius of action may 


be considered to be the 


most appropriate measure 


in expressing the effects of 
the variations in the com- 


s 


position of the concrete 
mix and in the operating 
characteristics of the vibra- 


tor from one test toanother. 








The radius of action was | 


0 150 
Distance from centre of vibrator in cm 


isPplacement amplitude in microns (OQOO/mm) 
Ss 
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determined by three differ- 


D 


ent methods. 
|. The radius ol that Fig. 4—Amplitude of displacement as a function of distance 
region in which the statie from vibrator (test No. 2)—depth 30 cm. Figures on the 
pressure is equal to the curves express time of vibration in seconds 
hydrostatic pressure. 
The radius of the plane surface of settlement. 


9 
2. 
3 


The radius of that area in which the concrete surface is glossy 


Method No. 3 was used by Dutron‘* in an extensive study of vibration of 
concrete. The results obtained by these three methods are compared in Fig 
6 for test No. 3. All three methods yield approximately the same values 
of the radius of action, which was therefore calculated in all tests from the 
mean values* (Fig. 7), which also shows the values of the acceleration in 
the concrete, calculated from amplitude values observed in the displacement 
measurements, referred to a distance of about 20 em from the vibrator 

Tests No. | and 2 were made under the same conditions, except for the 
composition of the concrete mix. It is seen from Fig. 7 that the radius of 
action in the stiffer concrete mix (test No. 2) is considerably smaller than in 
more fluid concrete (test No. 1). Moreover, the values of the acceleration 
in the concrete in test No. 2 are lower than in test No. 1. It seems certain 
that the substantial decrease in the radius of action observed in test 
No. 2 is due to the stiffer concrete, requiring a longer time of vibration 
even at equal values of acceleration, and because the coupling between the 
vibrator and the concrete is looser, with the result that the acceleration 
transmitted to the concrete is lower. 

In tests No. 3 to 5, the composition of the concrete mix was kept un- 
changed, whereas the operating characteristics of the vibrator were varied 
The curves representing the radius of action are grouped approximately in 


*Because of modifications of the vibrator used, and in consideration of the weight of the accelerometer attached 
to the point of the vibrator, these values of the radius of action are not directly applicable to practical conditions 
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Fig. 5 (above}—Contour lines 

representing subsidence of con- 

crete surface after vibration for 

(left to right) 2, 15, 37, and 98 

seconds (test No. 3). Contour 
interval 5 mm 


Fig. 6 (left)}—Radius of action of 

the vibrator determined by means 

of three different methods and 

plotted as a function of the time 
of vibration (test No. 3) 
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Fig. 7—Radius of action as a function of time of vibration. Numbers in circles refer to test numbers. 
Figures on the curves express acceleration in m per s” 


accordance with the values of the acceleration in the concrete and the accele- 
ration of the vibrator, if the latter are assumed to be given by the observed 
values, in Table 2. The grouping of the curves agrees even more closely 
with the velocity of the vibrator, which is the same in tests No. 3 and 4, 
but is considerably lower in test No. 5, as is seen from Table 2.9 On the 
other hand, it is not possible to detect any relation between the radius of 
action and frequency, amplitude, or centrifugal force, if these quantities are 
considered separately. Consequently, it can be stated—with all proper 
reserve allowing for the limited scope of the test results—-that the velocity 
or the acceleration of the vibrator appears to be the determining factor. 
Davies® arrived at the same conclusion in an investigation using a vibrator 
table. 


The values of the radius of action can be used for calculating the volume 
of fully compacted concrete as a function of the time of vibration. Further- 
more, the energy input supplied to the vibrator can be computed as a function 
of the time of vibration by determining the area under the power consump- 
tion curves with a planimeter. The energy consumption in each test can 
therefore be plotted as a function of the volume of fully compacted concrete 
(Fig. 8). It is evident that the energy consumed per unit volume of concrete 
in each test group (No. 3 to 5 and No. 1 and 2) increases as the radius of 
action decreases (Fig. 7) 
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EFFECTS OF VIBRATION ON PROPERTIES OF FRESH CONCRETE 
Testing equipment 

The apparatus designed and constructed at the Swedish Cement and 
Concrete Research Institute for studying the properties of fresh concrete 
has been described at some length in previous publications®* and it is there- 
fore sufficient to give a brief outline of its design. 

In principle, this apparatus consists of a mechanical system whose natural 
oscillations are damped by the concrete. The damping increases as the 
concrete becomes. stiffer. The oscillating system consists of a torsional 
shaft (1) (Fig. 9). The upper end of the shaft is clamped, and its lower end 
is coupled to the concrete by means of a paddle wheel (3). The concrete is 
placed in container (4). The shaft performs torsional oscillations whose 
frequency can be controlled by the weights (2) attached to cross arms on the 
shaft. The concrete container is bolted to the vibrator (5). Measurements 
can therefore be made during vibration of concrete or while the concrete is 
at rest. The time of vibration can be varied in both cases. 

The oscillation is initiated by an instantaneous impulse produced by dis- 
charging capacitor batteries through the electromagnets fixed at the ends 
of one of the cross arms. The oscillations are recorded photo-electrically. 

In the tests made up to now, the maximum amplitude of the system has 
varied from about 0.003 to 0.005 radians, and the period of oscillations was 
0.7 to 0.8 sec. The vibrator is the same as that used in VB Consistometers. 

The result of measurements is represented by the inverse value of the 
logarithmic decrement of the damped oscillation, and this value is considered 
to be characteristic of the 


> 





deformability of fresh con- 


crete. The apparatus is 
called a “deformability 
meter” or “plastometer.”’ 


Fundamental test results 


8 


One of the great advan- 
tages offered by this equip- 


ment is that it permits 


measurements during vi- 
bration and at a varying 


3 


time of vibration, so that 
the deformability of con- 
crete can be studied as a 
function of the time of 
vibration. This study has 
been found to be of fun- 
damental importance in 
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200 300 
Volume of fully compacted concrete in /itres ‘ 
evaluating the quality of 
Fig. 8—Energy input to vibrator as a function of the volume fresh concrete, and hence, 


of fully compacted concrete. Numbers on curves are test ¥ 
numbers to a certain extent, also 
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the quality of hardened 


concrete. Tests on both 
mortar and concrete have 
shown that three different 





types of mixes can roughly 
be distinguished, v7z., mixes 
characterized by falling, 
invariable, and rising de- 





formability curves (Fig. 
10). A falling deform- 
ability curve implies segre- 
gation, the reduction in 
deformability being due to 
the fact that the concrete 
gives off excess water and 
mortar. In some cases, 
this leads to direct contact 
between the particles of 
coarse aggregate.  Segre- 
gation can be diminished 
by reducing the water- 
cement ratio, by reducing 
the quantity of cement 
paste, or by resorting to 
more fine-grained grading. 
Successive changes in the Fig. 9—Deformability meter without recorder 
concrete mix lead to the . 

ideal case of invariable 
deformability during com- 
paction. This case is repre- 
sented by a horizontal de- Segregating mix 
formability curve, which 
can be regarded as a char- 
acteristic of a stable mix. 


' Stable mix 
If the measures taken to 





prevent segregation are 
carried farther, the de- 
formability curve begins to 
rise. If the deformability 
curve of a mix continues to 


Jeformability 


; 
cs 


1X cf poor workability 


rise even after a consider- 
able time of vibration, the 








mix is of poor workability, 
since consolidation is not Time of vibration 


completed until deform- Fig. 10—Characteristic deformability curves 
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ability has reached its 
maximum. 





It is to be noted, how- 
ever, that the schematic 
graph shown in Fig. 10 is 
in a high degree simplified. 
Among other things, the 


ompaction ble period \segregation shape of the deformability 
perid period 


Deformability 














; ; curve during the initial 
Time of vibration * part of the period of vi- 


Fig. 11—General character of the deformability curve bration is not taken into 
account. It has been 
found, at any rate when the consistency of concrete was suitable for vi- 
bration, that the line of demarcation between mixes of poor workability 
and stable mixes is not sharply defined, and that the deformability curves 
first exhibit a rising portion before the deformability reaches its maximum. 
After that, the deformability remains constant during a longer or shorter 
period, and then the curve begins to fall. It may be presumed to be 
practically impossible to produce a concrete mix whose deformability 
remains constant during an unlimited time of vibration. Consequently, 
the general shape of the deformability curve will be similar to that shown 
in Fig. 11, that is to say, it will comprise a period of compaction during the 
time ¢,, a period of stability during the time t, — ¢;, and a period of segre- 
gation after the time ¢,. It has been demonstrated by means of strength 
tests that the period of rise t; corresponds to the time required for complete 
consolidation of concrete, as will be shown further on. The fact that a falling 
deformability curve implies segregation can be observed with the naked eye 
in more or less extreme cases. In placing high-quality concrete, particularly 
in structures exposed to weathering, it is obviously advisable to avoid segre- 
gating concrete, 7.e., concrete haying a falling deformability curve. 

Concrete mixes which exhibit a long period of rise t; should also be avoided, 
because their workability is poor, and hence there is the risk of insufficient 
compaction. The ideal is manifestly represented by the stable mix, which 
possesses the greatest workability possible without segregation. 


This reasoning presupposes that stability is interpreted as a relative con- 
cept. Accordingly, a concrete mix is stable with reference to vibration per- 
formed during a certain definite time t, (Fig. 11) in the vibrator of the de- 
formability meter, and this time must be dependent on the method to be 
used for compacting concrete on the site. It is therefore contrary to reason 
to require that a concrete mix which is to be compacted by hand should have 
the same stability as a mix which is to be consolidated by high-powered 
surface vibrators. Theoretically speaking, the magnitude of the period of 
stability could be determined from a relation between the characteristics of 
the vibrator, e.g., its acceleration, and the time fe, but this relation is so far 
unknown. At the present time, it is therefore necessary to evaluate the 
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period of stability on the basis of experience. In proportioning concrete for 
airfield pavements, which is compacted by means of powerful surface vibrators, 
tp of 4 to 5 min. was found to be a reasonable requirement. 

Examples of effects produced by variations in concrete mix 

That simple changes in concrete mix can successively convert the shape of 
the deformability curve from predominantly falling into predominantly 
rising is illustrated by the following three examples. 

The effect of variations in water-cement ratio is shown in Fig. 12, which 
relates to a concrete having a constant grading (maximum particle size 16 
mm) and a constant cement content (500 kg per cu m). The water-cement 
ratio by weight was varied in conformity with the series 0.35, 0.33, 0.32, 
and 0.30. It is seen from this diagram that W/C = 0.35 results in consider- 
able segregation, as does W/C = 0.33. When the water-cement ratio is re- 
duced from 0.32 to 0.30, the shape of the curve changes from falling to rising 

Fig. 13 represents the effect of variations in cement paste content (48, 
16, 44, 42, and 40 percent by solid volume of mix) at a constant water- 
cement ratio of 0.35 by weight and a constant grading. This test series 
was made on cement mortar (maximum particle size 4 mm). 

Finally, Fig. 14 illustrates the effect of variations in grading of a concrete 
mix having a constant ce- a 
ment content of 350 kg per 
cum and a constant 
water-cement ratio of 0.43 
by weight. The grading 





was varied by changing 
the ratio of fine to coarse 
aggregate. The figures on 
the deformability curves 
express the quantity of 
coarse aggregate in percent 
of the total quantity of 
aggregate (maximum par- 
ticle size 40 mm). 

Fig. 12 to 14 show 
characteristic examples of 


LDeformabil/ty 
~ 
Ss 


the variation in the shape 
of the deformability curve 
which always takes place 
when the concrete mix is 
changed in some of the 


above ways. The general 
of all —___ ahead 


results tests made eg or ee , 4 








in the deformability meter* Time of vibration, min 
are summarized in Fig. 


a “geri Fig. 12—Effect of variations in water-cement ratio at a 
15. It is seen that the constant cement content and a constant grading 





904 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1953 


shape of the deformability curve can be transformed from rising into falling 


by (1) an increase in the water-cement ratio at an unchanged grading and 
an unchanged cement paste content, (2) an increase in the quantity of cement 
paste at an unchanged water-cement ratio and an unchanged grading, or 
(3) an increase in the percentage of coarse aggregate at an unchanged water- 
cement ratio and an unchanged cement paste content. 

The collected experiences of concrete engineering show that all these 
measures cause the concrete to become more fluid, with an increased risk 
of segregation. 


EFFECTS OF VIBRATION ON PROPERTIES OF HARDENED CONCRETE 


This part of the investigation is closely bound up with the studies of the 


effects of vibration on the 





properties of fresh concrete 
touched upon earlier. In 
so far as the time of vibra- 
tion or the degree of com- 
paction influences the prop- 
erties of hardened concrete 
at all, it is justified to ex- 
pect that these properties 
vary approximately in ac- 
cordance with the division 
into three periods illus- 
trated in Fig. 11. In fact, 
the main purpose of these 
investigations was to verify 
this expectation. 


Deformability 


Strength, modulus of 
elasticity, shrinkage, water 
absorbency by capillarity, 
and frost resistance of each 
mix are studied at a vary- 
ing time of vibration by 
means of the same vibrator 
used in the deformability 
measurements, that is to 
say, at an acceleration of 
3g and a frequency of 50 








| cps. Toavoid an excessive- 
J 


Time of vibration, min 





ly large number of test 
specimens, only three vi- 
Fig. 13—Effect of variations in the percentage of cement ration times were used: a 
paste at a constant water-cement ratio and a constant 


grading. Figures at the curves are quantity of cement s 
paste in percent of solid volume than ¢; (Fig. 11), a value 


value considerably lower 
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Fig. 14—Effect of variations in grading at a constant water-cement ratio and a constant cement 
content. Figures at the curves express quantity of coarse aggregate in percent of total aggregate 
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approximately equal to ¢;, and a value considerably higher than ¢, (in the 
neighborhood of ¢. or still higher). Time values nearer together were em- 
ployed only in the strength tests, particularly in the time interval from 0 to ¢). 

The results of the tests are still so incomplete that they permit only 
limited definite conclusions. Nevertheless, it seems to be evident that the 
compaction period of the deformability curve, 7.e., the time from 0 to ¢; in 
Fig. 11, is also reflected in the graphs representing strength as a function of 
time of vibration. This is exemplified in Fig. 16 and 17. Both these graphs 
show the deformability and the modulus of rupture of the mixes, after curing 
in water for 7 days, as functions of time of vibration. Both mixes consisted 
of cement mortar having a water-cement ratio of 0.35 by weight, and were 
equal in grading, but differed in cement paste content, which amounted to 
14 percent (Fig. 16) and 42 percent (Fig. 17) by solid volume of mix. The 
test specimens consisted of beams, 10 x 15 x 80 em (Fig. 16) and 2 x 5 x 25 
em (Fig. 17). In both cases, the deformability curves are closely similar 
in shape to the strength curves. 

Any systematic influence of vibration for a time longer than ¢, (Fig. 11) 
was not observed in the tests, not even in those mixes which were markedly 
liable to segregation. On the other hand, while these mixes were generally 
characterized by a short period of rise ¢,, their strength curves exhibited a 
period of rise slightly longer than the corresponding period (compaction 
period) of their deformability curves. 

The same trend can be perceived in the curves representing the modulus 
of elasticity as a function of the time of vibration. In this case, however, 
the test results are still insufficient. 

No systematic variation in the shrinkage with the time of vibration, at 
any rate no variation of practical importance, was observed in the tests. 
The variations in water absorption were also small, but they show, never- 
theless, clearly that capillarity decreases as the time of vibration increases. 
It is not yet certain whether this variation can be considered to be in agreement 
with the periods in Fig. 11. 

In the freezing and thawing tests, only three test series have so far been 
completed, and the scanty results obtained so contradictory that the author 
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prefers to postpone the publication of a detailed report until the test results 
have been amplified. In one test series, it was found that the resistance to 
frost action markedly increased as the time of vibration became longer. 
In another series, the variation in the resistance to frost action with the time 
of vibration was very slight. Finally, in the third series, the resistance to 
frost action decreased as the time of vibration increased. In the first and 
third series, no considerable change was produced when the time of vibration 
exceeded the value ¢t; (Fig. 11). 


SUMMARY 


Experimental studies dealing with pressures, displacements, and con- 
sumption of energy in fresh concrete compacted by internal vibration have 
been described. The radius of action of the internal vibrator was determined 
from the static pressures observed in the interior of the concrete, from settle- 
ment of the concrete surface, and from the appearance of the concrete sur- 
face. On the whole, all these three methods of estimating the radius of action 
gave the same results. The radius of action is represented in graphs as a 
function of the time of vibration in five tests, in which the concrete mix was 
varied, while the operating characteristics of the vibrator remained un- 
changed, or the vibrator characteristics were varied, while the concrete mix 
was unchanged. The radius of action decreases as the concrete becomes 
stiffer and as the acceleration or the velocity of the vibrator becomes smaller. 
Energy consumption per unit volume of fully compacted concrete increases 
as the radius of action decreases. 

Studies dealing with the effects of vibration on the properties of fresh 
concrete were surveyed. These properties are measured by an apparatus 
which enables the deformability of fresh concrete to be determined during 
vibration. The relation between deformability and time of vibration exhibits 
three distinct periods; a compaction period (rising deformability), a stable 
period (unchanged deformability), and a segregation period (falling deforma- 
bility). The effects of the concrete mix on the shape of the deformability 
curve are illustrated by examples. 
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Tests dealing with the effects of vibration on the properties of hardened 
concrete are in progress, and a few results of these tests are reviewed. The 
scope of the test results is still far too insufficient to permit any definite 
conclusions. Nevertheless, the test results seem to indicate that the strength 
of hardened concrete increases with the time of vibration, so long as the 


deformability of concrete also becomes greater. Furthermore, it appears 


that the shrinkage is relatively independent of the time of vibration. 
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Title No. 49-64 


Effect of Vibration on Air Content of Mass Concrete 


By WALTER ©. CRAWLEY} 


SYNOPSIS 


Tests were made to observe the effect of high-tre juency (13,090 vpm) 
and moderate-frequency (6800 vpm) vibration on concrete ranging from 
14- to 4-in. slump, containing 6-in. coarse aggregate, and having nominal air 
contents of 3, 6, and 9 percent in that portion of the mix smaller than the 
1!4-in. sieve. Cores drilled from hardened specimens of the concrete with 
6 percent air content were examined micrometrically for amount and distri- 
bution ot air and coarse aggregate 

The high-frequency vibrator was found to cause more rapid loss of entrained 
air than the moderate-frequency vibrator. However, either vibrator could 
cause a 50 percent loss in air from nominal 3 percent-air-content concrete in 
30 sec. The rate at which air was lost generally increased with slump, but 
not to a marked degree. The high-frequency vibrator had more effect. in 
causing movement and escape of air, while the moderate-frequency vibrator 


caused more movement and segregation of the coarse aggregate 


INTRODUCTION 


The purpose of this investigation was to determine the effect of high- 
frequency (approximately 13,000 vpm) and moderate-frequency (approxi- 
mately 6800 vpm) vibration on the amount and distribution of entrained 
air in mass concrete. The investigation included the making of 6-in. aggre- 
gate concrete mixtures of nominal !o-in., 2-in., and 4-in. slump, with nominal 
air contents of 3, 6, and 9 percent in that portion of the mix passing the 
11,-in. sieve. The mixtures were subjected to high- and moderate-frequency 
vibration for different lengths of time and then examined to determine the 
effect on the entrained air. The examination consisted of measurement of 
the change in unit weight of the plastic concrete and microscopic examination 
of cores drilled from hardened specimens of the 6 percent air concrete. 


MATERIALS USED 


The cement used conformed to the requirements of Federal Specification 
SS-C-192, Type II. 

The fine aggregate was a natural, siliceous sand, with the physical 
properties given in Table 1. 


*Presented at the ACI 49th annual convention, Boston, Mass., February 18, 1953. Title No. 49-4 is a part 
of copyrighted JouRNAL or THE AMERICAN Concrete Inatirure, V. 24, No. 10, June 1953, Proceedings V. 49. 
Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach the Institute not later 
than Sept. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich 

tMember American Concrete Institute, Materials Engineer, Concrete Research Division, Waterways 
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TABLE 1—PHYSICAL PROPERTIES OF FINE AGGREGATE 


Grading 


FM 2.78 


Specific gravity 


Sieve No 4 s 16 30 


Percent 


Passing 


Absorption, percent 


TABLE 2—PHYSICAL PROPERTIES OF COARSE AGGREGATE 


seve 
ou 
ri 
$n 
3 in 


Grading Grading 
Percent passing 


100 
u 
4 

4s 


14 ir 


Specific gravity 
Absorption, percent 
Los Angeles abrasion, weight loss 


coarse crushed 


The aggregate 
properties shown in Table 2. 


was dolomitic limestone, with physical 


The air-entraining agent used was a solution of neutralized Vinsol resin. 


EQUIPMENT 


A 108, closed-drum, rocking-tilting mixer was used in mixing the concrete 


(Fig. 1). 
Types of vibrators used were : 
a. High-frequency, Vibro-Plus, model MRSB, gasoline powered with 28 x 37-in. 
element, operating in the concrete at 13,000 vpm, with engine speed of 3000 rpm. 
b. Medium-frequency, Chicago Pneumatic, model 518, with 18 x 5!-in. element, 


Fig. 1—Closed drum rocking-tilting mixer 





COMPACTING CONCRETE BY VIBRATI 


powered by compressed air, operating in the concrete at 6800 vpm at 105 psi, the 


air pressure used 

¢. Electric powered, with 18 x 2!9-in. element, operating in the concrete at 7500 vpm 
was used for initial consolidation onl) 
The unit-weight measure was 3!. cu ft in volume, 20%, in. in diameter 


and 178 in. in height 
CONCRETE MIXTURES 


Nine concrete mixtures were made, all with a nominal 8 bag per cu vd 
rement factor (Table 3 

The sand factor was not reduced with increase in air content because of 
the difficulty experienced in entraining the high amounts of air in the mass 
concrete In fact, the sand content was increased by one percent i mixture 


3 to obtain an air content of 9 percent 


TESTS 

A 6-cu ft batch of each mixture was made for test with each vibrator 
A small amount of each batch was wet-sieved over a |!o-in. sieve for slump 
and bleeding tests and then discarded. The remaining unsieved concrete 
was used for the vibration test. The concrete was consolidated in’ three 
layers in the unit-weight measure by the small electric vibrator, struck off, 
and weighed. The unit weight so obtained provided the basis for caleulating 
the initial air content. The vibrator selected for test) (high- or medium- 
frequency Was started, inserted in the center of the concrete, and permitted 
to run for the shortest desired interval of vibration and then withdrawn 
Additional conerete was added, the measure struck off and reweighed. The 
vibrator was then reinserted in the center of the measure and the conerete 
vibrated again. The replenishing, striking off, and weighing were then re- 
peated. This process was repeated until four vibration periods of 30, 60, 
90 and 270 sec, respectively, had been completed on the same sample 

Two 2-ft cubes (8 cu ft) were cast containing nominal 2-in. slump, 6 per- 
cent air concrete (mixture 5). The cubes were consolidated in two layers, 
each layer being vibrated for 90 see with the vibrator held at the center 
of the form. Two 4-cu ft lifts were required per cube and the air content 
of each lift was determined by the pressure method. One cube was vibrated 


TABLE 3—DATA ON CONCRETE MIXES 


*In that portion o 
tCaleulated as a percent 


INVR solids to cen 
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with the high-frequency and one with the medium-frequency vibrator. The 
forms were stripped at 24 hr and the cubes were moist cured to 14 days age. 
Two 10-in. diameter cores were then drilled from each cube, one horizontally, 
oriented through the center of the cube; and one vertically, offset enough to 
miss the hole from the horizontal core. Each core was cut longitudinally 
with a diamond saw and examined under a microscope for air content, and 
for condition and distribution of air voids. 


TEST RESULTS 


The effects of different vibration periods for both vibrators are shown in 
Table 4. Fig. 2 is a bar chart showing the percentage of entrained air re- 
tained after each vibration period by each vibrator. Fig. 3 shows the volume 
of air removed per unit volume of concrete. 

Fig. 2 and 3 indicate that the entrained air is removed more quickly by 


TABLE 4—EFFECT OF VIBRATION ON AIR CONTENT 


Duration Air content, Relative Air content, Relative Air content, Relative 
of vibration, percent percent percent percent percent percent 
nec (4-in. slump) air (2-in. slump) air (4-in, slump) air 


High-frequency vibrator (13,000 vpm) 
Nominal 3 percent air content 


100 
4 
15 
0 
0 


100 
60 
30 
14 
6 


Nominal 9 percent air content 


8.5 100 
&6 6.4 73 
73 + 40 
66 2 32 
4s | 1 16 


Moderate-frequency vibrator (6800 vpm) 


Nominal 3 percent air content 


\ 100 
1 ww 
0 36 
5 1s 
3 11 
Nominal 6 percent air content 

100 

3 75 


‘ 
t 28 
( | 18 


Nominal 9 percent air content 


0 9.3 8.6 100 100 

30 8.5 91 8.0 93 81 

60 7.9 85 7.4 86 f 61 

90 1 76 6.7 78 < 44 

270 1.6 71 6.1 71 2.¢ 33 
*Negative air contents were caused by loss of mortar by overflowing during the several vibration periods 
this loas being replenished by concrete of original composition when the container was refilled after each vibration 

period. 
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NOMINAL 9% AIR CONTENT CONCRETE 


100 


HO) Old Odio Odo Does 


NOMINAL 6% AIR CONTENT CONCRETE 


il 
Ui) Odd df Doo 0 
l 


NOMINAL 3% AIR CONTENT CONCRETE 


‘| MIGH FREQUENCY VIBRATOR 


$-1N 2-IN 4-IN 4 -IN 2-IN. 4-IN 5-IN 2-IN 4-IN 3-IN 2-IN 4-IN 4-1N 2-1N 4-IN 
SLUMP SLUMP SLUMP SLUMP SLUMP 
O-SEC VIBRATION 30-SEC VIBRATION 60SEC VIBRATION 90-SEC VIBRATION 270-SEC VIBRATION 


PER CENT AIR RETAINED IN SAMPLE 


ill 
si] 





Fig. 2—Effect of duration of high- and mod quency vibration on air retained by concrete 
of different slumps and air contents 


the high-frequency than by the moderate-frequency vibrator except for the 
30-sec vibration of the concrete with 2-in. slump and 3 percent air. The 
figures also show that, regardless of the slump, approximately one-half the 
entrained air of the nominal 3 percent air concrete is removed after 30 sec 
of vibration by either vibrator. Almost complete removal of the air from 
the 3 percent air mixtures is accomplished by the high-frequency vibrator 
after 90-sec vibration. Complete removal was only approached after 270 
sec with the moderate-frequency vibrator. 

The 14-in. slump concrete lost air somewhat more slowly than the 2- or 
{-in. slump concretes for the 3, 6, and 9 percent air mixes vibrated with 
the high-frequency vibrator. The moderate-frequency vibrator caused loss 
of air in the 3 percent air content concrete at almost the same rate regard- 
less of slump. The 6 percent air concrete with '%-in. slump lost air more 
slowly than the 2- and 4-in. slump concretes which lost air at about the same 
rate. The moderate-frequency vibrator caused the 14 and 2-in. slump 
concretes of 9 percent air content to lose air at a rate approximately one-half 
as fast as that of the 4-in. slump conérete. 

The sawed horizontal and vertical cores from each cube were examined 
under a microscope. The cores taken from the cube vibrated with the high- 
frequency vibrator are designated HF and those from the cube vibrated by 
the moderate-frequency vibrator are designated MF. 

Cores from both cubes show that coarse aggregate had been moved down- 
ward from the top and forced outward from the position of the vibrator at 
the center of the cube (Table 5, Fig. 4 and 5). The position of the vibrator 
well in the HF vertical core is marked by a deficiency in coarse aggregate 
larger than | in., and the upper part of the core has a zone about 3 in. deep 
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NOMINAL 9 PER CENT 
AIR CONTENT CONCRETE 








NOMINAL 6PER CENT 
AIR CONTENT CONCRETE 





NOMINAL 3PER CENT 
AIR CONTENT CONCRETE 





90 120 150 180 210 
VIBRATION - SECONDS 
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NOMINAL 9PER CENT 
AIR CONTENT CONCRETE 


EO 





AIR REM 


NOMINAL 6PER CENT 
AIR CONTENT CONCRETE 
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l I AIR CONTENT CONCRETE 
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LEGEND 


= 2 IN. SLUMP 


—* 2-IN. SLUMP 
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Fig. 3—Effect of duration of high- and moderate-frequency vibration on volume of air removed 
per cubic foot of concrete of different slumps and air content 


which contains little coarse aggregate of any size (Fig. 4). The vibrator well 
and a zone of variable thickness at the top of the cube in the MF vertical 
core contain little coarse aggregate of any size (Fig. 5). Fig. 6 shows con- 
centrations of cement paste brought to the horizontal lift surface between 
courses by the high-frequency vibrator, and exposed when the core was 
sawed longitudinally. Many of the pieces of coarse aggregate are tabular. 
Kxamination of the vertical cores from both cubes shows that the longest 
axes of the sections of aggregate particles exposed are often oriented sub- 
parallel to each other and roughly normal to the direction of placement. 
The orientation is most apparent in the middle foot of each vertical core in 
the part outside the vibrator well. Since the horizontal cores were drilled 
through the center of the eubes, their upper and lower surfaces expose a rela- 
tively large number of the larger cross sections of the oriented aggregate. 


The outer surfaces of the HEF horizontal core exposed a greater concentration 
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Fig. 4—Vertical core from high-frequency cube. 
Vertical sawed surface (X 2 9) showing mortar 
concentration in top 3 in., deficiency in larger 
coarse aggregate in vibrator well along left 
edge, and large coarse aggregate concentra- 
tion in lower right center. A—lenses of cement 
paste. B—tear fractures probably formed 
before final set 


egate than the longitudinal sawed surface (Table 5). The 


of coarse aggreg: 


MF horizont: 


portion of maximum-size pieces in the top of the lower layer than in the 


‘ 
il core has a larger coarse aggregate content and a larger pro- 


bottom of the upper layer (Table 5, Fig. 7). 

The air content of the vertical cores in both cubes is lower than that of 
the horizontal cores. The air content of the mortar was approximately 
1.6 percent in the HF vertical core and in the specimen from the middle of 
the horizontal core, while the air contents of specimens near the formed 
outer ends of the horizontal core were 5.0 and 6.7 percent 30th cores from 
the moderate-frequency cube had higher air contents, and although the 
distribution was similar, the air content of the vertical core was less uniform 
than that of the vertical core from the high-frequency cube (Table 6). 
Average air contents for the individual cores and for the two cores from 
each cube were calculated, and are shown on Table 3, but they have little 
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~~ > ae core from moderate-frequency 
cu Vertical sawed surface (X 2/9) showing 


concentration of mortar in top inch and in vibra- 

tor well along upper half of right edge, and 

concentration of large aggregate downward 

from the top and laterally away from vibrator 
w 


meaning for the cubes as a whole because of the zoning produced by vibration. 

Theoretical air contents of each cube were calculated using the air content 
of the plastic concrete and the rate of loss of air content found in tests of 
mixture 5 in the 3.5-cu ft measure. Both calculated values were lower than 
the average air contents based on micrometric determinations (Table 6). 
The disagreement probably resulted from the difference in shape and cross 
section of the cube form and the unit-weight measure, and the difference 
in the procedures used in consolidating the concrete in the measure and in 
the cube form. The measure is circular in plan with an inside diameter 
of 2034 in. The head of the high-frequency vibrator is 37% in. in diameter 
and the head of the moderate-frequency vibrator is 51% in. in diameter 
With the head of the vibrator placed at the center of the measure, the radial 
distance from the vibrator to the wall of the measure was 8.4 in. if the high- 
frequency vibrator was used, and 7.6 in. if the moderate-frequency vibrator 
was used. The cube form is square and with the vibrator placed at its center, 
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TABLE 5—DISTRIBUTION AND AMOUNT OF COARSE AGGREGATE 
IN HORIZONTAL AND VERTICAL CORES 


Coarse aggregate, percent 
Vertical cores lraverse 
spacing,in. | HF cores | MF cores 


Outer surface: Half including vibrator well, circumferential traverses l 
Other half, circumferential traverses 1 
All longitudinal traverses 2 


14.3 2 
62.1 l 
56 1 
Sawed surface: Horizontal traverses (10-in. dimension 

Longitudinal] traverses (24-in, dimension) 
All traverses, outer and sawed surfaces 


Horizontal cores 


Outer surface: Circumferential traverses, top half 
Circumferential traverses, bottom half 
Longitudinal traverses, top half 
Longitudinal traverses, bottom half 


Sawed surface: Horizontal traverses (10-in. dimension 
Horizontal traverses (24-in. dimension) 


All traverses, outer and sawed surfaces 


Average, horizontal and vertical cores 


Average 


Calculated from mixture design, without air 
with air 


TALBE 6—AIR CONTENT AND COARSE AGGREGATE CONTENT OF CORES FROM 
CUBES VIBRATED WITH HIGH-FREQUENCY AND 
MODERATE-FREQUENCY VIBRATORS 


Air in mortar, Coarse aggregate, 
percent percent 
Specimen (Micrometric) * 


Air content of whole concrete 
percent 


Ind. slabs Intercepts Mix design Intercepts} Calculated§ 


High-frequency cube 


Vertical core 


Top 

Middle 
Bottom 

Avg for core 


Horizontal core 
End 
Middle 
(Opposite end 
Avg for core 


Avg, both cores : 61.6 61.8 


Moderate-frequency cube 
Vertical core 
lop 
Middle 2.; 56.6 


Bottom 
Avge for core 


Horizontal core 


End < 

Middle j 66 
Opposite end 

Avg for core 


5 


Avg, both cores 5.3 61.6 61.7 1.0 
*Each value based on a traverse length of 11 to 26 in 
tTraverse lengths of 1415 in. on HF vertical, 1040 in. on HF horizontal, 1412 in 
on MF horizontal cores. 
tAverage air content of mortar, percent (100 coarse aggregate content, percent) = air content of concrete 
§Assuming the initial air content reported, and loss of air at the same rate as that found in tests on mix 5 in 
the 3.5-cu ft measure. 


on MF vertical, 1047.3 in 
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Fig. 6—Horizontal core from high-frequency concrete cube. Horizontal sawed surface (X 2 3) 

intersecting plane of lift joint, showing segregations of cement paste and very fine sand (A, B, C) 

brought to the lift surface by prolonged vibration. A and B contain tear fractures probably 

formed before final set which appear in the photograph as broad black lines. T indicates two 
fine cracks caused by drying shrinkage 


the distance to the walls at the nearest point was 10.06 in. with the high- 


frequency vibrator and 9.25 in. with the moderate-frequency vibrator. The 


distances to the corners were 15.06 in. with the high-frequency vibrator and 
14.25 in. with the moderate-frequency vibrator. Assuming that the air 
bubbles moved horizontally from the vibrator toward the wall of the measure 
or form, the distances thus traveled were shorter in the unit-weight measure 
than in the cube form. 

Examination of the cores from both cubes demonstrated that 90 see of 
vibration with either vibrator produced heterogeneous distribution of coarse 
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The general patterns of segre- 


aggregate and air voids and severe loss of ait 
gation were similar in the two cubes, but the quantitative results were 
The high-frequency vibrator expelled more air than the moderate- 


egate, 


different. 
frequency, but caused less segregation of coarse aggr 


Fig. 7—Horizontal core from moderate-frequency cube. Outer surface of horizontal concrete 
Top half (left)}—59 percent 


core, after sawing on horizontal plane approximately at lift joint. 
coarse aggregate. Bottom half (right)}—72 percent coarse aggregate, including more particles 
of maximum size, just below lift joint (X 0.23) 





JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1953 


SUMMARY 

The measurements made on plastic concrete and the microscopic exami- 
nation of hardened cores showed that both the high-frequency (13,000 vpm) 
and moderate-frequency (6800 vpm) vibrators caused appreciable loss of 
air from the mass conerete mixes tested. The loss was almost 50 percent 
in 30 sec in the lower air content range (3 percent in the portion of the mix 
smaller than 1!o in.). The high-frequency vibrator caused more rapid loss 
of air than the moderate-frequency vibrator. Loss of air generally increased 
with increasing slump, but not to a marked degree. 

Both vibrators caused pronounced segregation of the coarse aggregate 
at 90 sec, and severe loss and uneven distribution of the entrained dir. The 
high-frequency vibrator had a greater effect on the air content, and the 
moderate-frequency vibrator had a greater effect on the coarse aggregate dis- 
tribution. 

CONCLUSIONS 

Conclusions based on this investigation are that the air content of mass 
concrete can be seriously affected by improper use of either a high-frequency 
or a moderate-frequency vibrator. Others have felt that the reduction in 
air content caused by vibration was largely a reduction in entrapped rather 


than entrained air and therefore was not a cause for alarm.' This is possibly 


true with some vibrators; however, with vibrators as vigorous as those used 
in this investigation, air loss can be as much as 50 percent after 30-sec vi- 
bration when the initial air content of the portion of the mix smaller than 
1'4 in. is approximately 3 percent. 

Severe coarse aggregate segregation, and uneven air distribution and loss 
can occur when the vibration period is as long as 90 sec, if the vibrator is 
held in the same position. 

The U.S. Bureau of Reclamation has published a report? describing tests 
made to determine the effect of vibration on the entrained-air content of 
1!.-in. aggregate concrete using a l-in. immersion-type laboratory vibrator. 
Results of these tests, insofar as comparison can be made, confirm the findings 
of this investigation. 
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Discussion of a paper by Walter O. Crawley: 


Effect of Vibration on Air Content of Mass Concrete’ 


By C. E. WUERPEL and AUTHOR 


By C. E. WUERPEL? 


The author’s paper presents interesting data which are of particular value 
as they illustrate the effect improper vibration can exert on the arrangement 
of materials within a conerete mass. The fact that vibration was carried 
beyond the optimum is acknowledged in the opening sentence of the ‘Con- 
clusions,” “ the air content of mass concrete can be seriously affected by 
improper use of a high-frequency or a moderate-frequency vibrator.” (the 
italics are the writer’s) It might have been well if mention of the use of 
improper vibration had been included in the title and more prominently 
mentioned in the text, because there is a possibility that some readers may 
assume that optimum vibration will cause a major loss of purposefully en- 
trained air and segregation of the mix constituents. 


The principal misuse of vibration in the author’s paper lies in excessive 
duration of vibration in one position and in the use of mixtures of somewhat 
higher than optimum sand-aggregate ratio (second paragraph in the section 
“Concrete Mixtures”’ 


It is a well-established principle in vibration that vibratory impulses cause 
maximum density of arrangement of the solid particles and that an excess 
of any of the normal ingredients of the mix will be displaced during vibration 
Kxperiments by the writer, and no doubt by others, have shown that coarse 
aggregate will rise to the surface of the concrete being vibrated if the mix 
contains an excess of such particles. More common evidence of this pheno- 
menon is the accumulation of mortar at and near the top of a vibrated mass 
This is shown clearly in the author’s paper. 


It is also a well-established principle in air entrainment that fine-aggregate 
should be reduced as purposefully entrained air is increased. This was not 
done in the author’s work, and in usual field practice is rarely given proper 
consideration. An excess of fine aggregate in the mix would naturally result 


in segregation, Just as in the case of coarse aggregate 


The value of the author’s work would have been greatly enhanced if the 
effect of proper vibration on well-designed mixes had been included. 


*ACI Journat, June 1953, Proc. V. 49, p. 909. Dise. 49-4 is a part of copyrighted JourNnaL or rue AMERICAN 


Concrete Instrrure, V. 25, No. 4, Dec. 1953, Part 2, Proceeding 49 
*Technical Director, Marquette Cement Manufacturing Co., Chicago, Il] 
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AUTHOR'S CLOSURE 


The readers’ attention could have been called more forcefully to the fact 
that use of the vibrator for a longer period than necessary to consolidate the 
concrete is bad practice, and the author agrees that even 30 sec above what 
might be considered normal vibration (as much as 50 percent of the air was 
expelled from some mixes for 30 sec over-vibration) was excessive for the 
mixes used; however, vibrator operators on many occasions permit their in- 
struments to operate in one spot for longer than 30 sec after the concrete 
had been sufficiently consolidated. 

The desire for architectural surfaces free from pock marks caused by air 
bubbles trapped against the form face frequently leads to excessive vibration 
of relatively high-slump structural concrete. This is bad but frequent prac- 
tice. The author has seen two-man vibrators used in harsh mass concrete 
where 30 sec was not sufficient for complete consolidation. The periods of 
vibration used in the author’s experiments were 30, 60, 90, and 270 sec. The 
periods of vibration as explained in the section ‘Tests,’ p. 911, are in excess 
of normal vibration. Optimum vibration time for the mixes used was some- 
where between zero and 50 sec, usually about 30 sec. In considering the con- 
crete mix which by vibration lost 50 percent of its air in 30 sec, if the optimum 
vibration time is assumed to be 15 see it can be expected that approximately 
25 percent of the entrained air will be lost. This is a considerable amount, 
even at optimum vibration. 


It is agreed that the mixes used in this series of tests were somewhat over- 


sanded ; however, the mixes with 3 percent air were not, in the author’s opinion, 
over-sanded for the laboratory studies for which they were designed. With in- 
creasing air content, as stated in the paper, it was found practical to maintain 
a high sand content and to even increase it in the !5-in. slump mix. 


All in all, whether the mixes involved in this experiment were over-sanded 
or not is irrelevant, since the entrained air is all contained in the mortar 
phase of the concrete and the mortar of both a well-balanced mix and an over- 
sanded mix will lose air when subjected to vibration. 

Segregation of stone from mortar would have been less obvious in mixes of 
lower mortar content and would have been absent in mixes where the volume 
of mortar just equalled the voids in the aggregate which had been consolidated 
to maximum density; however, the amount of vibratory energy required to 
achieve this end would have required an extended period of vibration, and, of 
course, severe loss of air. 








Title No. 49-65 


Vibration of Mass Concrete’ 


By LEWIS H. TUTHILLT 


SYNOPSIS 


Vibration has already done much to improve the quality of mass concrete 
It has completely changed our concept of what is practical and desirable as a 
mass-concrete mix. Together with air entrainment it has made mixes of very 
low cement content placeable with reductions in unit water content up to 890 
lb per cu yd. Other improvements in quality or in costs, or both, can result 
when full advantage of vibration is taken to place mixes with larger aggregate 
in Many cases where there is reinforcing, to place concrete in thicker lavers, 


to permit use of larger buckets, and to eliminate poor bond at cold joints 


HISTORICAL 


In comparatively recent years, vibration, with the later help of air en- 
trainment, has completely changed our concept of what is acceptable as 
mass concrete and practical of placement. Even more recently, precooling 
has further contributed to the current production of mass concrete that is 
extremely efficient in its use of cement and remarkably low in unit: water 
content. Accordingly, despite lower cement content, mass concrete today 
is superior to that of 30 years ago It could not long remain possible, as it 
often was then, to thrust a long-handled shovel full depth through the 5-ft 
lift of fluid mortar and “soup” which filled far corners of a block not com- 
pletely covered by a chuting system. Progress in improvement. of such 
conditions was inevitable. 

The first improvement was substitution of cableways and buckets for 
towers and chuting systems. Buckets at least eliminated surplus water and 
slump often used to speed flow and extend coverage by chutes; but slump 
still had to be high enough for workmen to consolidate the conerete by tramping 
and spading. 

Next, about 20 years ago and soon after the buckets, came vibration. 
Platform vibrators were used on a few jobs. Extremes of dry concrete ap- 
proaching zero slump were tried Before long, though, large. immersion- 
type, two-man vibrators had taken over, and = most responsible agencies 
were placing mass concrete in the range of I- to 2!o-in. slump sefore the 
advent of vibration slump had ranged upward from 4 in. For some years 
the Bureau of Reclamation has specified a maximum of 2-in slump for mass 

*Presented at the ACI 49th annual convention, Boston, Mass., February 18, 1953 
of copyrighted JOURNAL oF THE AMERICAN Concrete INstrrure, V. 24, No. 10, Ju 
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Fig. 1—An 8-cu yd batch of con- 
crete just before vibration. Un- 
less rock is visible like this when 
batch is first dumped, there is 
probably more sand in mix than 
necessary. Vibration reduces 
this batch to a well-consolidated 
20-in. layer 


Fig. 2—Cobbles clustered at the 

forward edge near the joint should 

be scattered to avoid chance of a 
rock pocket 


Fig. 3—Working in lean mass 
concrete (less than Q-in. slump) 
a good vibrator leaves no doubt 
of its ability to consolidate such 
concrete thoroughly 


concrete; and the greater portion of this conerete has been placed at a slump 
ranging from 1!o to 2 in. (Fig. 1, 2, and 3). 
PROGRESS IN MIXES 
In the past ten years air entrainment has permitted important progress in 
mass concrete mixes. Working at 1!o- to 2-in. slump and minimum sand 
content, which are feasible only with effective vibration, air entrainment 
prevents critical loss of workability when cement content of interior mass 


concrete is reduced from the tog-long-popular 4 sacks to little more than 


2 sacks per cu yd. This is regardless of whether a pozzolan is used or not. 
In exterior mass concrete exposed to weathering, cement content has not been 
reduced, but air entrainment has increased its durability several times, and 
the lower water requirement made possible by vibration has further increased 
the strength and durability obtained with 4 sacks of cementing material 
per cu yd of concrete. 

Now it is recognized that the fourth sack of cement and most of the third 
in each yard of intertor mass concrete has been used principally to provide 
practical workability. Air entrainment provides essential workability equally 
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well at greatly reduced cost for cement. These reductions from the old wet 
mixes, in slump, cement content, and sand content have resulted in reduction in 
unit water content of as much as 80 Ib per cu yd. This reduction is further 
increased on some recent jobs by precooling ingredients so that concrete is 
placed at temperatures no higher than 50 F. Consequently, W/C for these 
modern interior mass concretes are little, if any, greater than in the old wet 
rich mixes. The new concrete is superior because permeability, shrinkage, 
settlement, stratification, and segregation are greatly less; temperature rise 
also is much less and more easily controlled. 

This paper is devoted to the vibration of such efficient mixes and to full 
utilization of vibration in furthering their use. Discussion of vibration of 
plastic, oversanded, small aggregate mixes, with or without air entrainment, 
placed in work of massive dimensions would serve no purpose not previously 
covered. 

VIBRATORS 

During the first ten years of vibration, few electric vibrators ran faster 
than 3600 rpm. Then only air-powered machines ran at appreciably higher 
speeds approaching the 7000 rpm speed which has come to be recognized 
as essential to efficient vibrating equipment for mass concrete, and as the 
minimum speed for effective equipment for other concrete work. But air- 
powered vibrators had serious disadvantages. Speed and performance were 
seriously curtailed if maintenance was poor, air pressure or supply went down, 
and if there was freezing at exhaust in cold weather; also, upkeep costs were 
high. 

The low speed of early electric vibrators was overcome by using a cycle 
changer in the power line which doubled the 3600 synchronous speed with 
60-cycle current to 7200 rpm. Their great advantage was that they would 
either run at proper speed or quit altogether if maintenance or power was 
not what it should be. Results were generally better for these reasons and 
over-all costs per cubic yard of concrete were lower; at least they were no 
higher for more consistently satisfactory performance and results. Best 
evidence of this was the decision of the contractors at both Hungry Horse 
and Canyon Ferry Dams, after starting with air-powered vibrators, to change 
to electric-powered machines. Both engineers and contractors have been 


well pleased with results of this change. ‘ 


Some precautions, of course, have been found necessary if uninterrupted 
performance is to be obtained. There should be a stand-by unit available 
for each crew placing concrete. In addition, there should be an ample supply 
of bearings and other parts most often requiring replacement. Above all, a 
systematic servicing routine should be established. This will cost less than 
to repair and service vibrators only when they quit running, and average 
performance will be better. Two-dollar vibrating-reed tachometers, available 
at many model airplane shops, used regularly by inspectors, will insure that 
equipment is vibrating up to speed. This kind of checking results in noticeable 
improvement in performance. 
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EFFICIENT USE OF VIBRATION 


In any concrete work, vibrators are most efficiently used when their full 
capabilities are exploited to use concretes having minimum content of water, 
cement, and sand, and aggregates graded to largest, fully practicable, maximum 
size. On mass concrete work, efficient use of vibration also permits advan- 
tageous size of buckets, thickness of layers, treatment of cold joints, and 
relative freedom from mix changes where reinforcement is encountered. 

French engineers at Tignes Dam have carried this farther in regard to 
mixes. Where U.S. engineers have reduced sand from about 27 to 22 percent, 
with 6- to 8-in. maximum gravel, they report having reduced it considerably 
more to 17 percent with gap-graded, 10-in. maximum crushed total aggregate. 
Gaps are from 0.12 to 0.6 and from 2.0 to 4.8 in. Placing this concrete with 


an 8-cu yd bucket and cableway at about the same rate as we do per cableway 


at Canyon Ferry and at Hungry Horse Dams, they also use only two 2-man 
C-P electric vibrators (Fig. 4). Additional vibration, obviously necessary 
with such rough concrete, is accomplished without overworking the operators. 
They have three pairs of vibrator operators rather than two for the two 
vibrators; each pair works two batches out of three, then rests while a third 
batch is vibrated. At their reported vibration of 2!5 minutes per batch, this 
arrangement provides more rest time than on our work. Here the rest comes 
at the end of vibration of each batch of our easier-vibrated concrete, before 
the next batch arrives. Probably in France the additional labor and higher 
maintenance cost on vibrators were more than offset by attainment of re- 
quired quality with comparatively low cement content, at the same time 


obtaining superior concrete from standpoints of volume change and temper- 


Fig. 4—At Tignes Dam, French 
engineers used extra vibration to 
obtain lower cement and water 
requirements by using low sand 
content, gap grading, and 10-in. 
maximum aggregate. Only the 
low sand and extra vibration were 
reported actually advantageous 
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Fig. 5—Before reducing sand from 

28 to 25 percent. At higher sand 

content, despite 2-in. slump, work- 
men sink halfway to knees 


Fig. 6—At proper lower sand 

content, although still short of 

cobbles, workmen stand on con- 
crete of same slump 


ature control. However, doubt has been expressed that the gap grading and 
10-in. maximum size actually contributed to these results, although this was 
their purpose.* 

Nevertheless, we have gone a long way in America in taking advantage of 
vibration, but there are often cases where we fall short of our own possibilities 
or where we could go farther. On one job the author found workmen sinking 
halfway to their knees in concrete that had little more than 2-in. slump; it was 
grossly oversanded (Fig. 5 and 6). On another, the large aggregate was omitted 
at the slightest indication that reinforcing, shape of forms, or finishing would 
require even a minor increase in vibration or other attention to insure good 
results. On another, cement content in the interior was increased but aggre- 
gate was not changed at such places; cement was also increased when it 
looked as if it might rain. We must find ways to avoid such inefficient practices. 
Having found what we can gain by full use of vibration in mass concrete, we 
should so use it and obtain these benefits. Proper specifications are a must, 


but also we shall have to make the effort to show field engineers and inspectors 
that it is worthwhile. 


For instance, there has long been a mistaken notion, which has been given 
a certain authenticity by publication in various codes and manuals, that the 
maximum size of coarse aggregate in concrete should not be larger than 
two-thirds of the clear spacing between reinforcing bars. Actually, this is 


*Montagne, Paul A., “Tignes Dam in French Alps Constructed with American Equipment,’ Ciril E 


ngiuneering 
Nov. 1952, p. 25 (V. p. 923 
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Fig. 7—By making full use of 

vibration, mass concrete with 

6-in. cobbles was placed to ad- 

vantage in this base for a spillway 
crest structure 


Fig. 8—Close-up of 2-cu yd 
bucket (Fig. 7) ready to dump 
illustrates the open type of heavy 
work in which benefits of mass 
concrete can be obtained by 
taking full advantage of vibration. 
Bar spacing must amply pass 
largest aggregate only when all 
the concrete must _ through the 
stee 


Fig. 9—Unvibrated, newly 
dumped, structural mass concrete 
in Fig. 7 and 8. Thirty percent 
of coarse aggregate was 3- to 
6-in. cobbles; sand, 22 percent; 
cement, 377 Ib; fly ash 120 Ib; 
water 204 Ib per cu yd 


true only when all or most of the concrete must pass through the curtain 
or grid of steel during placement (Fig. 7, 8, and 9). In footings and slabs this 
is often the case and the rule should apply. But it is rarely the case in 
massive Walls and piers and where steel around penstocks, galleries, elevator 
wells, and elsewhere is encountered in mass concrete. 

In such work, concrete is placed in front of or between the steel curtains 
in sufficient and usually ample space for thorough vibration. The steel curtain 
is usually only a few inches from the forms and only a small portion of the 
concrete must pass through it. Regardless of the relation between distance 
from bars to forms, or distance between bars, and size of the largest aggre- 
gate, good vibration will completely fill these spaces and thoroughly surround 
these bars with concrete not inferior to a concrete having small coarse aggre- 
gate according to the two-thirds rule. (See Fig. 10, 11, and 12 Remaining 
concrete, with thorough vibration, will not be impaired. Segregation and 
contrast will be less pronounced than if a batch of small-aggregate concrete 
had been used in the steel. 


Obviously, for this to sueceed, mass concrete must be dropped quickly 


into place as a cohesive mass without separation. If it is dribbled from a 
bucket or chute, it will stack and large aggregate will segregate and roll to 
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Fig. 10—Lean, 2-in. slump, in- 
terior mass concrete, with aggre- 
gate graded to 6 in. after vibra- 
tion around penstock reinforce- 
ment of 1%-in. bars at 6'-in. 
spacing. Vibration obviously 
molds concrete solidly around 
bars and back to penstock 


the toe of the slopes. If such wrong methods of placing clutter the steel with 
separated quantities of large aggregate, vibration cannot be expected to 
convert such a situation into a good job. 

Oversanded mixes are always readily workable and there is an under- 
standable inertia toward altering them. But surplus workability comes at a 
sacrifice either in money or in quality. Only by trying mixes with less sand 
is it certain that mixes are not oversanded (Fig. 5 and 6). In doing so, engi- 
neers Will not always agree on how far the reduction can safely go. In any 


case, it will depend on how good is uniformity control and on placing con- 


ditions. Many times, further reduction could be made in sand content if 
it were determined to make full use of the abilities of modern vibrators and, 


maybe, for the occasional batch on the harsh side, to use them a little longer. 


AMOUNT AND ADEQUACY OF VIBRATION 


There has been some discussion of the amount of vibration necessary to 


Fig. 11—Before vibration of same 
batch as in Fig. 10 at location 
where reinforcing bars are lapped 


Fig. 12—Full utilization of vibra- 
tion solidly filled even these re- 
stricted spaces and avoided the 
delay and added cost of using a 
mix with smaller gravel and more 
cement. Bar spacing can be less 
than the size of aggregate if all 
the concrete does not have to pass 
through the steel 
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properly consolidate mass concrete. On various Reclamation jobs the author 
believes that, with continued attention of inspectors to see that details were 
taken care of, vibration was generally adequate to produce sound, serviceable, 
mass concrete. At Hungry Horse Dam vibration during 1952 was increased 
somewhat over previous years; no previous time studies were available for 
comparison, but the yield factor was reduced for concrete placed with more 
vibration. To obtain a quantitative measure of the amount of vibration 
apparently required for Bureau mass concrete, vibration of about forty &- 
cu vd batches each at Canyon Ferry and Hungry Horse dams was timed in 
May 1952. At each job, the timing represented the work of several different 
crews on more than one day. The average for the two jobs was practically 
the same: 132 seconds’ work with two 2-man, Model 519 C-P Hievele electric 
vibrators (7000 vpm), or 33 sec per cu yd per vibrator. This was checked to 
the second four months later at Hungry Horse Dam by a project engineer 
without the knowledge of placing crews. 


It should be noted that 132 see is the average of a range of shorter and 
longer periods. Batches in the open in the first two layers took only 75 to 
90 sec, while some in the top layer at the forms or against rock required 


more than 200 sec to get proper embedment of cobbles, a favorable shape for 
a good construction joint, and assured freedom from rock pockets against 
forms or foundation. For these reasons, a fixed amount of vibration cannot 
be prescribed for all batches. 

We must admit that adequacy of vibration is judged mainly by surface 
appearances (Fig. 3). Embedment of large aggregate, general leveling of 
the batch, apparent melting of the batch perimeter together with concrete 
previously placed, proper penetration depth and spacing, and general cessation 
in escape of large bubbles of entrapped air are evidences and essential steps 
to securing adequate vibration. 

Sometimes the tendency of vibrator-men is merely to flatten the batch. 
Complete consolidation is assured only when these other items of evidence 
of enough vibration are sought and attained. Particularly important. is 
vibration at proper depth and spacing. Thorough vibration around the 
perimeter of the batch where it meets previously placed concrete is necessary 
to insure that loose concrete and cobbles, exposed at forward edges of previous 
batches as in Fig. 2 and 13, will be made monolithic and fully consolidated 
with the new batch. With such careful attention to vibrate these contacts, 
immediate vibration of forward edges of batches is unnecessary and vibration 
is best delayed until the batch ahead of it is placed to hold it in position 
during vibration. However, in warm weather it may harden too much to 
respond properly to vibration, even with light fog spraying to keep the sur- 
face from drying by the time the adjacent batch is placed. In this event it is 
necessary to vibrate the forward edge as well as other portions of each batch. 

Efficient mass concrete will be rarely overvibrated. When overvibration is 
evident, the mix can be made more efficient by reducing its water content and 
slump. This is preferable to reducing the amount of vibration. 
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Fig. 13—With full use of modern 
vibrators 5-ft formed lifts can be 
made in three 20-in. layers 


Fig. 14—At angles less than 45 

deg a 20-in. lift is fully pene- 

trated by modern 2-man vibrators 
for mass concrete 


EFFECT ON AIR ENTRAINMENT 


Tests have been made by the Bureau and other agencies to determine 
how much entrained air was lost during placement and vibration of mass 
concrete. Generally the loss has been found to be but little more than |. 
of 1 percent out of a total of 3 to 4 percent. At Hungry Horse it was 0.7, 
at Angostura 0.5, and on an eastern dam 0.6 percent. These are modest 


losses compared to losses nearer twice these amounts from ordinary structural 


concrete. One reason is because the slump is much lower in mass concrete; 
another is the lack of close confinement in forms Actually for interior 
concrete, since durability is not a factor, the air has served its purpose when 
it, instead of unnecessary cement, has contributed workability sufficient for 
placement by vibration. 


DEPTH OF LAYER TO VIBRATE 


Placement of mass concrete in very shallow layers of 12 to 15 in. was neces- 
sary when it was consolidated by tramping and spading. For years such 
shallow layers were specified even with vibration. They were abandoned 
in favor of a 20-in. layer at Hungry Horse and Canyon Ferry Dams (Fig. 13) 
Contents of an 8-cu yd bucket had to be spread nearly | ft farther in each 
direction to an area of 173 sq ft ina 15-in. layer than in a 20-in. layer which has 
an area of only 130 sqft. The time and vibration effort, we felt, would be better 
spent in thorough vibration of a 20-in. layer than in spreading it out to a 
15-in. laver. Measurements and trials showed that standard 2-man vibrators, 
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Fig. 15—Nothing interferes with 
fast discharge of any kind of 
concrete from the Crowe 8-cu yd 
bucket because the whole bottom 
opens. It is excellent for placing 
mass concrete in open blocks, but 
cumbersome in tight places or 
where fractional discharge is 
needed 


Fig. 16 — Garbro 8-cu yd air- 
dump bucket is capable of better 
control in dumping than the Crowe 
bucket but is slower for open work. 
With low slump mass concrete it 
must dump fast enough and from 
sufficient height to form a bulging, 
cohesive mass, otherwise a cone is 
formed down the sides of which 
coarse aggregate and cobbles 
separate 


powered either by air or electricity, could fully penetrate a 20-in. lift and a 
few desirable inches beyond when underlayers were still plastic, even when 
commonly operating at angles less than 45 deg (Fig. 14). 


VIBRATION A CURE FOR “COLD JOINTS" 


The less concrete has hardened in a cold joint, the less the joint will be 
likely to lack bond or watertightness. Probability of these unfavorable 
results will increase with age of the concrete. Nevertheless, even as late as 
next morning, concrete placed during the previous afternoon will be quite 
green and immature, especially if it is kept moist by a fog spray light enough 
to avoid washing the surface. If it is free of dirt, debris, and laitance heavier 


than a film, no further cleanup or sandblasting is required to secure and in- 


sure good bond and watertightness with newly added concrete. It is neces- 
sary, however, to be doubly sure that the new concrete is heavily vibrated 
at close intervals all over the contact area. To insure this, concrete first 
placed on the joint should be Jess than a foot thick. In this case, vibrators 
should be operated as near horizontally and as closely down on the joint as it 
is practicable to operate them. On formed surfaces, a line will probably 
show the cold joint, but cores from the interior will be bonded and seldom 
show the joint. Such use of some extra vibration will save expense of a 


cleanup, extra cement in a mortar coating, and indirect cost of delay. 
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SIZE AND TYPE OF BUCKETS FOR MASS CONCRETE 


Perhaps vibration has little to do with choice of size and type of bucket 
for mass concrete, but how well the buckets are filled without separation, 
and how readily they are dumped, has much to do with what vibration will be 


expected to accomplish, and perhaps overcome, if these points are not properly 


handled. It has been explained how readily modern 2-man vibrators can 
consolidate the pad of concrete 20 in. thick placed by an 8-cu yd bucket. There 
is no point, therefore, in limiting the contractor to buckets of smaller size, 
provided he can operate the bucket of his choice as circumstances require 


in corners and other close quarters, and without damage to forms. This may 
involve fractional discharge or use of another type or size of bucket for non- 
routine mass placements (Fig. 15 and 16). 

The manner of discharge of any of these concrete-placing buckets is ex- 
tremely important. In any case, the concrete should fall fast enough and 
far enough so that a cohesive, bulging, and growing mass is formed without 
significant separation as the bucket is discharged. If the discharge is too slow 
and too low, low-slump mass concrete will stack slowly in a cone and large 
coarse aggregate and cobbles will separate and cluster at the toe of its slopes; 
rock pockets are a practical certainty, particularly where reinforcement. is 
involved. More separation and poor results have come from not dropping 
mass concrete far enough than from dropping it from too great a height, 
provided the discharge and fall are vertical. 


CLOSURE 


Modern vibrating equipment has revolutionized our concepts of mass con- 
crete and has greatly extended the limits of economy that can be obtained 
with it, without loss of quality. Therefore, it behooves us as engineers to see 
that full advantage is taken of its remarkable capabilities to provide the best 
results now possible in mass-concrete work. 





Title No. 49-66 


Application of Vibration to Concrete Pavement 
Construction’ 


By A. G. TIMMSt 


SYNOPSIS 


Brief description and summary of tests and experience in the United States 
and Europe in vibrating pavement concrete. effect of vibration on tolerances 
in composition of the fresh concrete, gradation of coarse aggregate, and main 
taining lme and grade of forms are factors in the development ol adequate 
vibration equipment 


INTRODUCTION 


In theory, vibration should be ideal for consolidating pavement concrete. 
However, the general acceptance of vibration as a method of consolidating 
pavement concrete has not kept pace with its acceptance in other fields 
For example, high frequency vibration is now employed generally in the 
construction of large dams and has made it possible to easily place concretes 
of substantially drier consistencies and lower mortar contents than were 
formerly used. Nevertheless, few state highway departments have as yet 
adopted the method as standard practice in pavement work although it is 
generally used in bridge construction. 

For optimum results, vibration should be employed only under circum- 
stances favorable to its use. Experiments have shown that many factors, 
in addition to the vibrating equipment itself, must be considered when using 
this method of placing. Because of lack of knowledge of these factors the 
results of the early vibration studies have tended to discourage potential 
users and improvements in equipment and techniques have therefore been 
slow in developing 

The earliest adaptation of vibration to the building of concrete pavements 
was the old Vibrolithic process.t This process, although sound in theory, 
never found general. acceptance among highway engineers, not only because 
it was both costly and slow but also because it left a relatively rough riding 
surface Foilowing the brief Vibrolithie period there was a lull for several 
vears in the use of vibration methods. Interest was revived as the result of 
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successful application of the technique to other types of structures, notably 
the large dams built in the west under the direction of the U.S. Bureau of 
feclamation. These developments led the Bureau of Public Roads as well 
as a number of the state highway departments to explore the possibilities 
of high frequency vibration in the building of concrete roads. A number of 
research projects, many of which involved the construction of experimental 
roads, were started during the period 1930-1945, and it is the purpose of this 
paper to describe briefly some of the results obtained from this work. 

For simplicity, the discussion has been divided into two parts: (1) the use 
of vibration along joints and forms, and (2) the full width use of vibration 


in the placing of concrete slabs 


INTERNAL VIBRATION ALONG JOINTS AND FORMS 


Internal vibration has replaced hand spading to a large degree (Fig. 1). 
Pavement specifications in use in 28 states require the use of internal vibrators 
along the joints and forms, and in 12 additional states their use for this 
purpose is optional with the contractor. 


Common practice is to mount a power supply for the internal vibrators 


on the spreader. In general, the internal vibrators are manipulated in much 


‘2. 


Fig. 1—Vibrating concrete along 
forms and joints 
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the same way as in hand spading. Occasionally an internal vibrator is dragged 
behind each end of the spreader with little or no hand manipulation. It is 
the consensus of construction engineers that the use of internal vibration 
reduces labor costs and produces better surfaces with less honeycomb adjacent 
to the forms than the older method of spading. 

While it is true that better surfaces adjacent to the forms are usually 
obtained, excess use of internal vibration may cause segregation in the fresh 
concrete and thus produce concentrations of mortar with a high water con- 
tent. This layer of mortar of high water content at the top surface adjacent 
to the joints or forms frequently contributes to ravelling and progressive 
disintegration. In the case of vibrators attached to the ends of the spreader 
there is a tendency to leave the vibrators running when the spreader stops 
This practice likewise contributes to localized segregation and should not 
be tolerated. 


FULL WIDTH VIBRATION OF SLABS 


Full width vibration with which this paper is primarily concerned is a re- 
quirement in the specifications of five states only. However, it is optional 
with the contractor in 11 other states 


Bureau of Public Roads investigations 

In 1931 and 1934, the Bureau of Public Roads conducted two quite ex- 
tensive investigations* on the effect of vibration on the strength and uni- 
formity of pavement concrete. Two well-known mechanical finishing machines 
equipped in each case to operate with or without vibration were used. On 
one of the machines normally equipped with two tilting screeds, the regular 
front screed was replaced with an 18-in. bullnose screed. Two electric vibrators 
were mounted on the bullnose screed and one on the rear screed. The other 
finishing machine was equipped with two screeds and a vibrating pan mounted 
between them. The pan, actuated by two mechanical vibrators, was shaped 
like a trough and made contact with the concrete for practically the full 
width of the pavement. The pan was so mounted that it could be raised 
clear of the concrete or could be lowered into the concrete a predetermined 
depth 

For the two methods of surface vibration investigated, the best results 
were obtained with concrete having a slump of about | in. For a given 
water-cement ratio, a saving of approximately LO percent in the amount of 
cement was obtained by the use of vibration without sacrificing strength and 
uniformity For a fixed cement content an increase in flexural and com- 
pressive strength of approximately 10 percent was obtained by the use of 
vibration. The vibrating screed and the vibrating pan mounted independently 
of the screeds seemed to be about equally effective in producing the results 
upon which the above conclusions were based 
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Jackson and Kellermann further pointed out the need for improving the 
vibrating equipment and in developing better means of spreading low slump 
concrete. Since these Bureau tests were completed, great strides have been 
made in improving mechanical methods of spreading concrete on the sub- 


grade. However, little progress has been made in this country in improving 


methods of full width vibration of concrete paving slabs. 

In general, the above conclusions and observations are in accord with those 
found by other investigators conducting similar field tests on several state 
highways at about the same period. 


Highway Research Board symposium 

In 1937 the Committee on Methods of Handling and Placing Concrete of 
the Highway Research Board published a “Symposium on Vibration of 
Pavement Concrete.”” One of the papers in the symposium covered French 
practice and the other three papers gave the results of tests and observations 
on the application of vibration to pavement construction in three states 
Wisconsin, Kansas, and Lllinois. EF. H. Jackson, in the preamble to this 
symposium, pointed out that while the advantages of vibration had been 
known for some seven years previous to 1937, there had been no general 
acceptance of the process by the various states. He stated that this failure 
of acceptance might be due to a belief that the advantages so far indicated 
were not of sufficient magnitude to balance the increased equipment costs 
and slower production rate. 

He further stated, and the statement is confirmed by the individual papers 
in the symposium, that the harshest and driest mix which could be used 
appeared to be controlled not by the vibratory equipment but by the other 
units used in the mixing, spreading, and finishing operations. 

Michigan tests 

In November of 1951, the Michigan State Highway Department submitted 
a summary of information on experimental vibrated concrete pavements 
constructed in that state. This report was prepared for the Committee on 
Consolidation in Placement of Concrete of the American Road Builders 
Assn. The report is of particular interest because it contains statements 
concerning the condition of some of the experimental sections of pavement 
from ten to fifteen years after construction. 

The first Michigan experiments were conducted in 1933. The concrete 
was vibrated by means of electric vibrators mounted on the screeds of the 
finishing machine, the front screed having three vibrators and the rear screed 
two. The field construction experience showed that the electrically powered 
vibrating screeds could place successfully concrete mixes of higher coarse 
aggregate content and reduced water and cement contents than usually 
used in nonvibrated concrete. Some difficulty was encountered in spreading 
and finishing the dry, harsh mixtures. Furthermore, it was observed that 
the action of the vibrators was severe on the finishing machines and the 
pavement forms. The equipment difficulties encountered in this first trial 
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yurtesy Michigan State Highway Department 


Fig. 2—Vibrating tube for full-width vibration of pavement concrete 


caused the state to reject the use of vibrated concrete for general pavement 
construction. Later the exact location of the vibrated areas could not be 
identified and so could not be included in a condition survey 

A second field trial was conducted in 1936. This time a finishing machine 
equipped with a horizontal vibrating tubular unit was used. This single unit 
Was approximately the full width of the pavement. While operating, the 
tube was partly or wholly submerged in the concrete. At the time of con- 
struction it was noted that the vibrator produced excess mortar at the top 
of the slab and the opinion was voiced that this might cause scaling. Actually, 
the experimental sections on this project did scale badly and the pavement 
was resurfaced with bituminous concrete in 1947. 

In 1937, vibration was tried again in Michigan on an experimental section 
employing a vibrating tube. The tube used was in two parts joined at the 
center by a saddle on which was mounted an electric motor with unbalanced 
weights on its rotor shaft (Fig. 2). The tube was suspended in belting held 
in place by adjustable brackets. The entire assembly was operated by a 
hydraulic ram for raising and lowering the tube into the concrete (Fig. 3). 
Under working conditions the frequency was 3900 to 4200 vibrations per 
minute and the amplitude 0.04 to 0.08 in. The weight of the 10-ft vibrating 
unit was 360 Ib. The finisher to which the vibrating tube was attached 
traveled at a speed of 6 to 8 fpm depending on the size of the load ahead of 
the screed. It was found that this vibratory equipment satisfactorily placed 
the dry, harsh mixtures used. 

Fifteen years after the project was constructed a condition survey showed 
considerably more cracking in the vibrated portion than in the nonvibrated 
portion. No explanation was offered for this difference in cracking tendency. 

The last report in the Michigan series covers a project constructed in 1941 


and 1942. On this project a screw type spreader with a vibrating plank 
strike-off and a finisher with a similar strike-off on: the back of the front 
screed was employed. At the time of the completion of the project it was 
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esy Michigan State Highway Department 


Fig. 3—Vibrating tube in action 


concluded that the vibrators had not performed according to the claims made 
for them. This conclusion was based on observations of the extent of honey- 
comb at the edges of the pavement slabs. During construction it was noted 


that there appeared to be dead spots at both ends of the vibratory strike-off 
Which probably accounted for the poor compaction at the edges. 


A condition survey made ten years after construction of this project did 
not reveal any significant difference in pavement performance due to the 
two methods of construction—— vibration and usual practice. 

Airport pavement 

In 1947, the Bureau of Public Roads, in connection with paving operations 
at the Panama National Airport, carried out an investigation of full-width 
Vibration using six vibration units of the internal type mounted on the rear 
of a concrete spreading machine. According to information supplied by the 
manufacturer of the internal type electric vibrators, the amplitude of the 
Vibrator was approximately 0.15 in. at 9500 rpm. In the experimental 
sections two frequencies were employed— 83800 and 6000 rpm 

Observations and tests of 8-in. cores from the pavement indicated that the 
internal vibrators increased the density of the concrete at distances up to 
1', ft from the vibrators. Some segregation was noted at the surface of the 
conerete particularly in the paths of vibrators No. condition survey has 
been made of this project to date 


EUROPEAN PRACTICE AND EXPERIMENTS 


In Kurope, hopper type mechanical concrete spreaders have been employed 
for handling dry concretes. This method of spreading the concrete gave a 
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uniform thickness of concrete satisfactory for vibrating or other means of 
mechanical compaction. The European type of spreader is much heavier, 
slower, and more cumbersome to operate than American-made spreaders, 
and would probably not be acceptable to American contractors. However, 
the American machine designers have adequately solved the problem of 
spreading low-slump concrete and now many American machines are used 
for this purpose in Europe. 

A new type of full-width vibrator is being used in constructing some of 
the concrete runways at the Orly Airport, near Paris, France. One of the 
machines in use at the Orly Airport is a composite machine embodying 
spreader, vibrator units, and finishing screed. This machine was constructed 
by the Procédés Techniques de Construction for Campagnie Francaise 
Blaw-Knox, a branch of the Blaw-Knox Co. of Pittsburgh, Pa. In September, 
1952, one machine was in use at the airport and several were in the process 
of being assembled. Similar equipment has also been used at Creil Airport 
in France (Fig. 4 and 5).* 

This machine, in addition to the vibrating units, consists of the spreader 
and the finishing screed units from standard Blaw-Knox paving machines. 
A row of vibrating shoes is mounted between the spreader and _ finishing 
screed. These shoes are about | m long (3.28 ft) and 60 em wide (24 in.) 
and weigh about 300 kg (660 Ib) each. An electric vibrating element of the 
unbalanced rotor type is mounted on the top of each shoe. The number of 


shoes in a row is dependent on the width of the slab to be placed. ‘The machine 


in operation at Orly had six shoes. 

The shoes are mounted on a frame with individual heavy spring connectors 
which can be adjusted so that each shoe when it is at the bottom of its vertical 
travel will be in contact with concrete in line with the predetermined contour 
of the pavement. The mounting is so designed that within the frame each 
unit can operate independently. After the individual shoes have been ad- 
justed to the proper contour, all shoes may be raised or lowered simultaneously 
by means of two hydraulic jacks 


*Described briefl na letter published i 


Fig. 4—In construction of Creil 

Airport runway, an American 

machine was modified to augment 

the force of vibration, which was 

needed to compact the dry 
concrete 
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Fig. 5—The vibrating beam was 
replaced by separate elements, of 
appropriate form and weight, 
each equipped with an electric 
vibrator. Note the surface ob- 
tained by the spreader equipped 
with vibrator prior to passage of 
the finishing machine 


The generating equipment for operation of the electrical vibrators is mounted 
on the finishing machine and is powered with an independent gasoline engine. 

The assembled machine consisting of spreader, vibrating units and finisher 
is designed to ride on the forms. When soil conditions are such that the 
form rails are apt to be forced out of line by the weight and action of the 
machine, concrete or wooden beams are placed under the forms to spread the 
load. 

At the Orly Airport runway project the spreader attachment appeared to 
be adjusted to leave the concrete surface about 2 in. above the top of the forms. 

The vibrating shoes shaped to ride up onto the concrete brought the sur- 
face down to the level of the forms. At the time the machine was observed 
in action, it appeared to be the practice to move the machine forward about 
10 ft, after which the vibrator shoes were lifted and the machine backed to 


the original starting place. A second passage appeared to be necessary to 


repair tearing of the surface which occurred in the first passage of the machine. 
When the machine is in operation, the vibration can be felt through the 
soil for a distance of 5 to 6 yd from the machine. 


It was observed that during placing operations following a single passage 
of the machine, a 150-lb man could stand on the surface of the newly placed 
concrete without sinking into it. 


The use of individual vibrating shoes imparts a more uniform vibration 
to the concrete than that produced by a single vibrating beam, according to 
the engineers of the Procédés Techniques de Construction. The designers 
of the vibrating equipment believe that the mass, size, frequency, and ampli- 
tude, and their relationship to each other are important. However, the 
French company was reluctant to furnish the frequency or amplitude of the 
vibrating units. At the present time the developers of the equipment do not 
recommend placing the concrete in layers to exceed 25 cm (10 in.). They 
ultimately hope to be able to compact and finish 35-cm (14 in.) depths in a 
single layer. 
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The scanty information available on the characteristics of vibrating 
elements prompted the Road Research Laboratory* of England to investigate 
these properties of beam type surface vibrators. Since the earlier machines 
had been evolved from experience, little was known regarding such funda- 
mentals as the effect of variations in the acceleration of the vibrating beam, 
the number of vibrations in a given length of beam and the wave form of 
the vibrations. In the tests reported, all the studies were carried out on a 
concrete of one degree of workability. The British authors summarize their 
results as follows: 


“When the vibrator operated at constant acceleration and constant number 
of vibrations per foot of travel, increase of amplitude of the beam increased 
the depth of compaction. At constant acceleration and amplitude of the 
beam, slower speeds of travel gave increased depth of compaction. When 
both the amplitude of the beam and number of vibrations per foot were 
constant, the depth of compaction was unaffected by change of acceleration.” 


The results available to date indicate that vibration can be used to satis- 
factorily compact pavement concrete. Information is not available as to the 
optimum frequency, amplitude or mass of the vibration for concrete slabs 
of various thickness. The English and French experiments point to possible 
solutions of these problems. 


FUTURE DEVELOPMENTS 


As pointed out by some of the early users of vibration for placing concrete 
pavement, many factors other than the vibrating units are of importance 
in producing concrete of significantly improved strength and durability. 
Less tolerance in the uniformity of the composition of the fresh concrete is 
required for placing by vibration. ‘This is particularly true of the ratio of 
fine to coarse aggregate and the consistency of the concrete as measured 


by slump. As a matter of fact, slump is not a good measure of consistency 


in the case of the harsh and unworkable mix best suited for vibration. Some 
type of penetration test made on the vibrated concrete might prove more 
satisfactory for this purpose. 


It is also probable that the coarse aggregate should be of a lower top size 
than usually employed in pavement construction. It should be separated 
into three or more sizes before combining in the final batch. Even slight 
deviations from the finally approved proportions or consistency will result 
in honeyvcombing or tering of the surface necessitating handfinishing and 
patching, which are costly and unsatisfactory 


The weight of the vibrating machinery coupled with the violent action 
of the vibrators imposes the problem of anchoring the forms to maintain line 
and grade. Methods of improving the stability of the forms is a feature 
that needs more study. 


*Kirkham, R. H. H., and Whiffin, A. C., “The Compaction of Conerete Slabs by Surface Vibratior 
if merete No 


Research 8S, Dee. 1951 
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Most of the mechanical difficulties in applying full-width vibration have 
been solved. It is true that for any given vibrator the effect on strength and 
workability of certain factors, such as, frequency, amplitude, and accele- 
ration must be determined. However, these factors could be readily de- 
termined by the manufacturer of the equipment. Plants capable of producing 
batches of the required uniformity are already in existence. 

In the author’s opinion, the placing of pavement concrete by full width 
vibration will never be completely successful in this country until a new 


start is made in designing forms or other means of supporting the equipment, 


in writing and enforcing specification requirements that will insure little 
variation in the materials for the concrete, in employing mixers that will 
mix and discharge 0- to 1-in. slump concrete, and finally, in using vibrating 
equipment with the power and frequency that will insure close compaction 
of the concrete 

The economic feasibility of using vibration for compacting concrete to 
obtain advantages in strength, workability, and durability will depend on 
the conditions existing in each state. To make economic comparisons, the 
benefit of longer, useful life and lower maintenance costs must be given ade- 
quate consideration as well as the immediate returns of higher strengths or 


reduced cement costs 
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Title No. 49-67 


Vibration Practices in Pipe, Precast, and Block 
Manufacture’ 


By GEORGE 


SYNOPSIS 


The discussion of this broad topic is confined to statements re garding present 
practices No attempt has been made in this highly competitive and contro- 


versial field to indicate superiority of one method or process over another 


Obviously it has not been possible to describe all processes In use at the pre- 
sent time. 


INTRODUCTION 


In the manufacture of various precast concrete products, form vibrators 
are most frequently used, although internal and surface vibrators are also 
employed. In addition to vibration, various methods of tamping, pressing, 
jolting, rolling, and spinning also provide ways of obtaining desired com- 
paction and satisfactory placement. These various methods are used to 
manufacture a wide variety of precast concrete products, such as block, 
brick, slab, channel, curb, flagstone, roofing tile, floor tile, wall tile, poles, 
irrigation pipe, sewer pipe, joists, and others. 


The vibrators used for this purpose may be driven electrically, or they may 


be operated from a gasoline engine or air compressor. The vibrations pro- 
duced are usually caused by eccentric weights which are attached to the 
shaft of the motor or to the rotor of the vibrating element. In some instances 
electromagnetic pulsating equipment is used 


Three common types of internal vibrator are: (a) the unit with the motor 
enclosed in the vibrator head and equipped with a rigid or semi-rigid handle; 
(b) the unit with an electric motor driving an eecentric shaft enclosed in a 
tube rigidly attached to the motor housing; (¢) the unit with an eccentric 
shaft which is enclosed in a tube and which is driven through a flexible shaft 
connected to the motor. 

Many different types of form vibrators are available. Some consist of an 
electric motor with an unbalanced member, some are of the electromagnetic 
pulsator type, and some are reciprocating cylinders operated by compressed 
air. They are rigidly attached to the forms or to the underside of tables. 
While form vibrators are not as efficient as internal vibrators in the sense 


*Presented at the ACI 49th annual convention, Boston, Mass., February 1S, 1953 tle No 7 is a part 
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that some of the energy of the form vibrator is absorbed by the forms, never- 
theless, they are widely used because of their convenience and adaptability. 


Surface vibrators in which the vibrator is attached to a steel plate through 
which the vibration is applied to the surface of the concrete are used to 
manufacture precast concrete products, but this type of vibrator is more 
commonly used for highway and large massive work. 


CONCRETE PIPE 


Precast concrete pipe are made by a variety of methods, including auto- 
matic tamping, compression by means of a revolving “‘packerhead,”’ vibration, 
centrifugation, and processes involving different combinations of centri- 
fugation, vibration, and compaction. Irrigation and drain tile and sewer 
and culvert pipe are usually made by the tamping or packerhead processes 
unless they are more than 72 in. in diameter. Large size pipe are usually 
made by some vibration process. High-pressure water pipe are made by 
vibration or centrifugation. The specific weight of the concrete made with 
sand and gravel aggregates may be as high as 165 lb per cu ft. 

In making tamped pipe, a dry concrete mix of zero slump is used. A 
uniform amount of the concrete is fed into the annular space between a 
stationary core and the outside rotating form and is tamped into place by 
blows from hard wood tampers fitted with metal shoes which strike at a rate 
of 500 to 600 times a minute. As the pipe wall is built up, the tampers travel 
up. Besides the compaction provided by the tampers a troweling action 1s 
provided as the concrete turns around the stationary core. 

A very dry concrete mix is also used in the packerhead process. The 
revolving packerhead starts at the bottom of the vertical form which is the 
outside form of the finished pipe. As the packerhead revolves at high speed 
it packs the concrete against the outside form, and since it is also raised as 
it revolves, the required length of pipe is obtained. The inside diameter of 
the finished pipe is equal to the outside diameter of the packerhead. The 
troweling action of the packerhead produces a smooth inside finish. 

In making centrifugated pipe in this country the initial water-cement 
ratio of the concrete is dependent on the materials, equipment, experience, 
and preference of the individual manufacturer. In England a water-cement 
ratio between 0.35 and 0.40, by weight, is commonly used, since it is believed 
that a low initial water content is helpful in preventing separation of the 
materials during the spinning process. In this method of pipe manufacture 
the concrete is usually placed in the mold while it rotates at a slow speed, 
and the speed is then increased to a higher value so that the centrifugal 
force compacts the concrete and expels the excess water. The best spinning 
speed to obtain the densest concrete is apparently found by trial. English 
manufacturers recommend values varying from a peripheral speed of 550 
fpm for a 6-in. pipe to 3000 fpm for a 60-in. pipe. 

Concrete used in the manufacture of vibrated concrete pipe usually has : 
slump between 2 and 4 in. In this process the forms are vibrated continuously 
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as the concrete is placed. Electric- or air-activated form vibrators are usually 
used, and they are usually rigidly attached to the outer mold slightly below 
mid-height. In some instances the vibrators are moved up as the fill progresses 
The two vibrators are attached on diametrically opposite sides of the form 
and may be connected with an encircling chain to assist in the transmission 
of the vibration around the perimeter of the form. While in most instances 
the vibrators are placed on the outside form, they may also be placed on the 
inside form. Vibration at high frequencies requires heavy forms, tight joints, 
and positive attachment of the forms to the supporting surface. In large 
pipe with heavy wall sections, internal vibration may be used 


Apparently vibration practices in this field are not uniform, since some 
manufacturers feel that they get the best results with high frequency, about 
8000 to 9000 rpm, and low amplitude, while others feel that low frequency 
and high amplitude give the best results. One manufacturer has reported 
that conventional 3600 rpm electric form vibrators were not efficient in 
removing air and that the surfaces of the finished pipe showed excessive 
amounts of air-bubble imperfections. The use of air vibrators operating 
between 8000 and 9000 rpm produced considerable improvement. Satis- 
factory results were obtained with vibrators operating at speeds as low as 
6500 rpm. Some experimental work has been done in the field of supersonic 
frequencies. At these extremely high vibration rates there is a tendency 
to separate the water from the cement, the cement from the sand, and the 
sand from the coarse aggregate. 


Experiments on the effect of vibration on the loss of entrained air in con- 
crete pipe vibrated at a rate of 10,000 cycles per minute have shown that 
from 50 to 100 percent of the entrained air may be lost during the 30-minute 
vibration period. This work further showed that most of the entrained air 
was lost during the first three to five minutes. 


Another process used in concrete pipe manufacture is one in which the 
concrete is simultaneously compacted by centrifugal force, high frequency 
vibration, and a steel roller. The semi-dry concrete used in this process is 
fed into the molds in layers while the mold revolves at a peripheral speed of 
about 500 fpm for 30-in. pipe and 1000 fpm for 18-in. pipe. The steel mold 
is revolved on four pneumatic trunnions and is stabilized with four pneu- 
matic tires which roll on the top sides of the mold. While the mold is 
revolving it is also acted on by three high-frequency vibrator assemblies 
which transmit vibration to the undersides of the mold. The steel roller 
running lengthwise through the inside of the pipe is actuated by a hydraulic 
ram at each end of the mold and provides a maximum compaction pressure 
of 16,000 Ib. Variations of these procedures are also used. 


CONCRETE BLOCK 


Concrete block machines at the present time vary in complexity and 
productive capacity from the individual block machine requiring considerable 
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manual effort to the super-automatic machines requiring only the correct 
push-button technique. In some single block machines, vibration alone is 
used, but in most of the larger block machines, vibration and pressure are 
employed. Tamping, once important in this field, has largely disappeared 


The concrete used to make block usually has a maximum aggregate size of 
1) in. and has a rather dry consistency, frequently described as “dry tamp.” 
Since both heavy and lightweight aggregates are used, most block machines 


have provisions for changing their operating characteristics. 


One widely used block machine uses a dual shaft unidirectional vibrating 
unit (Fig. 1). The eccentrically weighted shafts rotate at the same speed 
but in opposite directions so that the forces in horizontal directions cancel 
while those in the vertical direction work together and give vertical motion 
only to the connecting rods and also to the mold box. The amplitude of the 
motion is not harnessed by limit stops. The mold box frame rests on springs 
or rubber and is allowed relatively free movement (Fig. 2). The amplitude 
and frequency are controlled by the vibrating shaft counterweights and their 
speed of rotation. The counterweights may be changed to suit the aggregate 
used. Under normal operating conditions, an amplitude of 30 to 40° thou- 
sandths of an inch and a frequency of approximately 6500 vibrations per 
minute are employed. The block are finished to pre-determined height by 
use of a mechanical stop and electric contact control with vibration under 
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Fig. 1—Dual shaft vibrating unit 
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Fig. 2—Vibrating unit mounted below spring-supported mold box 


pressure. These machines operate on 4 to 6 cycles per minute, and one, two 


or three 8 x 8 x 16-in. block are made each cycle, depending on machine size 


In another widely used machine the mold, during the vibration period, 
is lifted }4 in. off the machine frame and is supported on heavy duty rubber 
pads. The block are subjected to vibration in any direction, undirectional, 
and vibration is completed under a pressure of 1500 to 2000 Ib exerted by the 
stripper head for 2 to 4 sec. Vibration is obtained by driving with two 
10-hp motors (Fig. 3) a shaft carrying two out-of-balance weights (Fig. 4 
at a speed of 2800 rpm. The weights are available in lengths between 4 and 


514 in. for varving the amplitude of motion, which for normal operation has 
{ ; | | 


been reported to be about 'y to !¢ in., depending on weight of aggregate and 
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Courtesy Besser Manufacturing Co 


Fig. 3—Driving motors for vibrating unit mounted on block machine 


f 
Courtesy 


Fig. 4—Weighted shaft and vibrator assembly 
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size of weights used on vibrator shafts. These machines operate at a maximum 
of 514 cycles per min. 

Concrete block-making machines operate at frequencies varying between 
1800 and 7200 rpm. Generally, the high frequency machines have low 
amplitudes, and the low frequency machines have higher amplitudes. — In 
any given machine, control of the end product is largely effected by changes 
in the concrete mix proportions, the amplitude of vibration, and the length 
of the vibration period. 


PRECAST CONCRETE PRODUCTS 


The greatest variation in placement practices is found in the manufacture 
of the varied products made by the precast concrete products industry 
Plastic concrete may be hand rodded or internally vibrated. Stiff concrete 
may be placed by hand ramming, machine tamping, form vibrators, hydraulic 
pressing, machine rolling, or jolting. 

It is impossible to cover in any detail the entire field of precast concrete 
products. Vibration practices apparently vary over a wide range and are 
usually determined by each manufacturer for the particular equipment he 
has available and the requirements of his final product. Some manufacturers 
prefer low amplitude-high frequency vibrations, and others prefer high 
amplitude-low frequency vibration. It does appear, however, that high 
frequency-low amplitude vibration finds favor in more cases 


In the jolting process of concrete placement, the table or mold is raised 


by means of cams on one or more revolving shafts and allowed to drop onto 


the supports. This method might be considered as a vibration of very high 
amplitude and very low frequency. The mold or table may be allowed to 
fall a distance of | in. at a rate of 100 to 200 times a minute 

The vibratory table is commonly used in the precast products field. The 
vibratory unit may consist of a steel channel bolted to the underside of the 
table, supporting in self-aligning ball bearing pillow blocks a pulley-driven 
steel shaft and its attached unbalanced weights. The amplitude of this 
motion may be varied by adjusting the unbalanced weights, and the amount 
required for a special application depends on the frequency of vibration and 
on job requirements. Frequencies commonly used vary between 1500 and 
8000 vibrations per minute. 

As an example of this method, a manufacturer of channel roof slabs 2 ft 
wide, 5 to 8 ft long, and with 2%4- or 3%4-in. legs reports that casting is done 
with the channel flat and the legs down. The vibrating table used is carried 
on four 5-in. long compression coil springs which are positioned in 1-in. deep 
sockets at the top and bottom. The springs provide the only restriction to 
motion of the vibrating unit. A shaft 20 in. long is mounted on pillow blocks 
at the center of the underside of the table. The pulley-driven shaft is driven 
at 4000 rpm and is thrown off balance by a weight bolted to one side. The 
weight varies between 1!o and 2 Ib, depending on the size of the slab to be 
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vibrated. Under these conditions the amplitude of motion is about 1 


and the period of vibration is approximately 10 to 15 sec 
CONCLUSIONS 


1. While either high frequency-low amplitude or low frequency—high 
amplitude vibration apparently gives satisfactory results, it appears that high 


frequency-low amplitude vibration is favored in many instances, but there 


are notable exceptions. 

2. Vibration practices in the precast concrete products field are quite 
variable and are apparently worked out by the individual manufacturers to 
provide end products having the desired characteristics in as economical and 
simple a manner as possible. While the end results justify this method, it 
does seem that a greater emphasis on research on the fundamentals relating 
to vibration of various types of concrete may help in showing the way to 
better methods and better products and to largely eliminate much of the 
work that each individual manufacturer now must go through before he has 
found his best method. 





Title No. 49-68 


Vibration Practices in Structural Work*™ 
By JOHN H. BANKERt 


SYNOPSIS 


This paper is concerned with the operation of vibrators in the field. In dis- 
cussing vibration, it is difficult to isolate it from the operation of placing con- 
crete—they must go hand in hand. Placing and vibrating concrete in walls is 
given special emphasis. 


JOB CONDITIONS DETERMINE TYPE OF VIBRATOR 


When we talk about vibration of concrete we must think of the job con- 
ditions. There is no vibrator made that is suitable for all conditions, just 
as there is no all-purpose concrete slump. The manufacturers make many 
types of vibrating equipment and a type should be selected that fits the job. 

Internal vibrators that apply vibration directly to the mass are most 
commonly used. External vibrators of various types are also available. 
Some of these are clamped to the forms (Fig. la and Ib) and, under certain 
conditions, very good results have been obtained, but external vibration and 
internal vibration require different techniques. However, a combination 
of the two types of vibration is sometimes used and this combined vibration 

*Presented at the ACI 49th annual convention, Boston, Mass., Feb. 18, 1953. Title No. 49-6 is a part of 
copyrighted JOURNAL OF THE AMERICAN Concrete Insrirute, V. 24, No. 10, June 1953, Proceedings V. 49. 
Separate prints are available at 35 cents each. Discussion (copies in triplicate) should reach the Institute not later 


than Sept. 1, 1953. Address 18263 W. MeNichols Rd., Detroit 19, Mich. 
+Construction Superintendent, Portland Cement Assn., Chicago, Il. 


Fig. 1a (left)—Aiir external vibrator equipped with an air ram clamp shown in operating position 

on the form rib for a tunnel concreting project. The vibrators were moved to successive form 

ribs as concrete placing progressed. Fig. 1b (right)—General view of vibrator arrangement 

with two air external vibrators on the form ribs and two internal electric vibrators used through 
the inspection windows in the forms 
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should be considered on 
many jobs where only one 
type of vibration is being 
used today. Sometimes 
internal vibration is used 
and supplemented with 
small electric hammers, or 
air hammers, tapping the 
studs and wales. Where 
this is done, the exterior 
vibrators should be oper- 
ated on the studs in an up- 


Courtesy Jackson Vibrators, In 
Fig. 2—Electrically operated vibratory hand screed ward motion at the point 
of placing and should be 

applied also to the lower wale and then the next higher one. 
Another method of vibration is by screeds such as those used in paving 


and in some types of floor construction (Fig. 2). 

For mass concrete used in dams or heavy footings, where there is little or 
no reinforcing steel, a very lean, rather stiff mix can be used. Here it would 
be desirable to use heavy vibration and a large spud (Fig. 3) would not be 
objectionable. In this type of vibration the operator usually confines the 
vibration to a smaller area than in many other types of work and the con- 
crete is more accessible. Consequently, he does not have to move the vibrator 
back and forth so much. Stiff concrete is not as easy to over-vibrate as more 
plastic concrete. 

In vibrating any concrete, the purpose is to compact the concrete without 
causing segregation. If a vibrator is allowed to work too long at one place, 
it is likely to segregate the mix. This, of course, is especially true in high- 
slump concrete. 

Good vibrating equipment in good working order is important, but a good 
operator is even more important. We must depend on him for proper vibration 
which includes not only the total amount of vibration but also the way it is 
distributed throughout the fresh concrete. 


USE OF VIBRATION IN WALL CONSTRUCTION 


Walls present a great variety of conditions. Some of the toughest placing 
problems occur in walls. In high walls with large amounts of reinforcing 
steel a higher-slump concrete must be used than would normally be preferred 
for vibration. Here is where a relatively small vibrator is an advantage, for 
example, a spud with a 15¢- to 2-in. diameter head. The small vibrator is 
preferred for several reasons; the chance of over-vibrating is not so great 
and a light vibrator is easier to handle. With a light vibrator the operator 
can lift up and lower the vibrator and move it more easily than if it were a 
heavy one. Of course, a large vibrator produces more vibrating power, but 
intense vibration is not needed for high-slump concrete. On walls that are 





COMPACTING CONCRETE BY VIBRATION 


to be left exposed, it is 
important to avoid splash- 
ing conerete on the form 
surface above the level of 
placing. It is much easier 
to control such splashing 
with a light vibrator than 
with a large heavy one, as 
it is rather difficult to cut 
off a heavy vibrator at 
the right time. In _ hot 
weather especially, this can 
be a problem because of Feeines Cisse Pasidaaits Peak 2 
the rapid drying of splash Fig. 3—Two-man pneumatic vibrator for mass concrete 
on the forms. 

In vibrating the concrete, the spud of the vibrator should be kept vertical 
and not jabbed into the mass on an angle.. The spud of the vibrator should 
not be allowed to hit the face form. In thin walls where there are two curtains 
of steel, the spud should be inserted between them. The concrete should 
be placed in layers and the layers should be kept level; the author prefers 
lavers about 12 to 16 in. deep. This will help in preventing the vibrator 


head from going too deep. The vibrator should never be allowed to pene- 


trate into previously placed concrete. Allowing the vibrator to penetrate 
through the lower layers not only gives a bad wall texture, but increases 
the form pressure more than is necessary. 

Sometimes walls are further complicated by columns or pilasters having a 
high percentage of steel. Some projects also have upturned spandrels 
sometimes a floor slab on one side and a cantilevered canopy on the other. 
Nearly always the reinforcing steel is congested in these members. In all of 
those locations the small-headed vibrator has a big advantage 

In placing concrete in an upturned spandrel, the common procedure is to 
fill the spandrel and to allow some of the concrete to emerge at the bottom 
onto the deck. The concrete in the spandrel is allowed to stiffen for a short 
period, and then the concrete is placed in the deck slab. In vibrating the 
deck, care should be taken not to operate the vibrator too close to the bottom 
of the spandrel as it will pull the concrete down, leaving a poor surface on the 
spandrel. 

Probably one of the most discussed subjects on vibration is how to elimi- 
nate air pockets, the so-called “bug-holes,”’ on the face of walls. It is almost 
impossible to eliminate them entirely, but there are several steps that can be 
taken which will reduce their size and number. Lack of fines in the sand, too 
stiff a concrete, and placing too rapidly all seem to increase the number of these 
holes. Even the temperature seems to have an effect, as there is a tendency for 
more air bubbles to come to the surface in cold weather than in warm weather 
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Some concrete men will 
contend that we get more 
air voids with vibration 
than with hand-placed con- 
crete. The author = disa- 
grees with this contention. 
In the first place, stiff mixes 
are more difficult to place 
by hand and, therefore, 
compaction is not complete. 
Generally, there are fewer 
surface air voids in high- 
slump concrete. However, 
with concrete placed under 

iictiasie Oitians Masandide Cal Be the same conditions, using a 

Fig. 4—Placing and vibrating concrete in a floor slab vibrator on one section and 

hand placing on the other, 

the vibrated sectiqn will have fewer air holes, although a few of them might 

be a little larger than those on the section placed by hand. Where stiff con- 

crete is used in walls it takes more vibration to compact the mass, thereby 
forcing the air out of the mass to the surface. 

Some engineers specify the use of a hand spade along the face of walls 
where they use internal vibration. Straight spades have not been too success- 
ful. Better results are obtained with a loop spade, that is, a spade consisting 
of a %-in. rod bent into the shape of a stirrup about 4 to 6 in. across the 
bottom and which is attached to a handle. 


VIBRATION IN FLOOR SLABS AND ROOF DECKS 
Floor slabs and roof decks present fewer problems in vibration; many 
methods can be used and still get favorable results. As a rule, a stiffer mix 


can be used with less chance of segregation and a little different technique 
can be used in vibration. A short thick spud may be used. If a long spud 
head is used, it should be used horizontally (Fig. 4). The operator should 
be careful not to vibrate the top steel, especially along the edges of the 
previously prepared concrete. If the top steel is vibrated too much, it pro- 
duces a whipping action that will cause the concrete to move away from the 
bars. This occurs when the concrete has stiffened and does not resettle around 


the bars. Where the concrete has hardened, or where it still is in a plastic 
stage, the author has not noticed any damage from this cause. 


CONCLUSION 
There has been much accomplished in the development and building of 
better vibratory equipment, and there is little doubt that vibration has 
been one of the more important improvements in the placing of concrete. 
CGiood equipment is important, but even more important is the correct use of 
such equipment—proper techniques and the right unit for the specified job. 





BY WAY OF SYNOPSIS 


Winuiam A. STANCER looks at the cost aspects of precast concrete bridges 


us compared with other ty pes of construction. 


Kquations are developed by Jack Moyse for rapid computation of stirrup 


spacing 

GEORGE B. 
a “unit water content law.” 
S. J. 


mold. 


Sowers, in discussing the design of concrete mixes, 


proposes 


GOLDSTEIN offers a suggestion for a new type concrete test cylinder 


Precast Concrete Highway Bridges (LR 49-20) 


The 
article in the 
EB. L. 


Way 


much interest the 


1053 


writer read with 
JOURNAL by 
High 
The 


to take exception to his 


February 


Erickson (“Precast Conerete in 


Bridge Construction,” p. 565.) 


writer is forced 


conclusion that the reason precast units 


have not been used more in highway con- 


struction is that it usually 
In the 
bridges we have found exactly the opposite 


We have built 


precast 


costs more 


construction of some 30 precast 


precast concrete bridges with 
concrete planks on treated timber 
substructures, precast conerete flat slabs with 
concrete substructure, U-sections on 
both 
crete 


built 


precast 


treated timber substructure and con 


substructure In addition, we have 


precast stringers on erib abutments 


and cast-in-place abutments with a cast-in- 
place conerete deck, and a number of com 


pletely cast-in-place bridges. On several of 


these precast structures, we have provided 


for the contractor to bid on cast-in-place As 
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an alternate, and without 


been 


exception, the 


precast has the better bid monevwise 


As an Interesting sidelight on one bridge 
(O62 ft 


i treated pile bent structure 


30's, the 


long 


built in the eark substructure was 
excellent 
that 
The 


contractor to bid 


found to be in condition and. it 


was determined a concrete deck should 


be designed design permitted the 
either precast 


and 22 ft 


pl inks, 


5 in. thick, 12 in. wire long, or to 


the deck in place, and in addition an 


Cust 
alternate was permitts 1 for bidding a treated 
timber deck seem, the 


Strange as it may 


the concrete deck was lowe 
treated 
Phe precast plank bid was lower than 
The 


cost of the precast planks in place 


highest bid for 


than the lowest bid for the timber 
deck 
the cast-in-place concrete bid actual 
on this 
bridge, including the removal of the existing 
deck, 


and damaged surfaces of the treated stringers, 


timber the treating of the punctured 


and replacing of the curb rail, was $1.55 pet 


Sq It ol bridge. 
24, No. 10, June 1953, Proceeding 
Address 15263 W 


cents each 
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We built a 
precast concrete structures with cost running 
from $5.50 to $9.00 per sq ft of bridge. This 
the the old structure, 


rails, and in some 


have number of completed 


includes removal of 
guard 


sidewalk on one side 


curbs, instances 
The principal limitation that the writer 
the 
concrete bridges is the transport and handling 
of the the 
available for easy lifting and placing is, of 


has found in construction of precast 


members at site. Equipment 


course, somewhat limited However, much 
of this 


eliminated by 


excessive weight can and will be 


the 


post-tensioned precast members. 


use of prestressed or 


They 


be constructed of a lesser section and conse- 


may 


Stirrup Design in Beams (LR 49-21) 


The aim of the following formulae is to 


aid the designer in rapid computation ol 
stirrup spacing with particular application to 
the case of uniform load. The formulae are 


believed to be original and simpler than 


any now in use. 


Notation 

a length of shear triangle to be carried 
by stirrups, in. 
total area of stirrup legs, sq in. 
any equal unit area of shear diagram 

a,y-~| distance from apex of shear 

triangle to center of gravity of cor- 
responding unit area 
width of beam stem, in 
constant dependent on size ol stirrup 


and f, = 6 f,jA 


lees 
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quently they are of lighter weight and may 
handled 


that may legally operate over city, county, 


be more readily with equipment 
and state highways. 

We have adopted certain standard sections 
that may be lengthened or shortened to fit 
the particular opening where the bridge may 
be required. Some package bridge units 
have been manufactured and sold by con- 
crete products manufacturers in Tacoma for 
use by other governmental bodies, made 
from our designs and using our standard 
section forms. 

WiuiaM A. STANCER, County 
Engineer, Pierce County, 
Tacoma, Wash. 


effective beam depth, in 

allowable concrete stress 
allowable steel stress in stirrup 
height of shear triangle at support 

1, h, height of shear diagram at 
points corresponding to a,, ete. 
assumed value of 7% 

l " distance from upeNn of shear 
triangle to respective heights 
number of stirrups or number of 
unit areas into which shear triangle 
has been subdivided 
spacing between stirrups at any 
point P 
total shear on beam 


shear carried by stirrups 
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Fig. 1—Stirrup spacing 
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uniform load on beam 
any point with origin of x at apex ol 
shear triangle 
. ° ah 
Area of each unit Aa 
2n 
(assuming shear triangle divided into n equal 
areas) 


Also A, 


Also h, 


Arm toe gz. ol 1 


[ A. eM Rt 


Substituting eqs (1) and clearing 


Also a, 


and S 
3 vil 


Iixpanding by series to four terms (con 


vergence is very 1 ipid) 


Concrete Mix Design (LR 49-292) 
In practice ove the vears, our prolesspon 

h is seen the unknowns ¢ xplored ind |i 

ilues that 


little converted mto definite 
I i 


te emplo ed with 


FROM 


READER 


2 y nw 
Typical example 
Assumptions: 
fe 3 kips per sq in.; fe 
allowable unit 


20 kips per sq in.; 
shear 
w 2 kips per ft; 6 


90 psi in concrete; 
12 in.; d 10 in.; 
17.5 


(0.079 


use 3y-in. @ stirrups, U-shaped; | 
kips; V, 17.5 0.079 bd 17.5 
xfi2 x 10) 8 kips 

0.3438 0.345 


~~ 


ay stirrups spaced 
.2/5/5/5/7/10 
Note that all 
putations enn 
made mentall 
results are lw 
rounded off to the 
LO an./ 
nearest inch 


This is 


method of 


believed to be the first time this 


stirrup been 


“pupcing che ign has 
proposed Its use 


should greatly lessen the 

time and labor of the designer with resultant 

reduction in errors 
JACK 
Icngineer, 
& Sons, 


Moyst Structural 
Thomas J Nolan 
Louisville, Ky 


t grenter 


oOpportunit 
from unknown to KnOWn 
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to operate, the water-cement ratio law, has 
been conspicuous by its uniqueness 
however, the writer has 


lead 


another law has not 


tecently, seen 


some references which him to wonder 


whether been demon- 
strated, of which we can take advantage in 
mix design. By “law” the write: 


Webster’s definition: ‘A 


ol an order or relation ol phe nomen which, 


concrete 
means statement 
so far as known, is invariable under the given 
conditions.” 

the following: 
(ACT Standard 


“For a given set of materials 


Two of these references are 
American Concrete Institute 
O13-44, p. G55) 
and water-cement ratio, the unit water con- 
tent (water required per cubic yard of con- 
factor 
Ob- 
ratio, the 


crete) is the most important basic 


affecting the quality of concrete 
viously, for a given water-cement 
mix requiring the lowest water content will 
also require the least cement.” 


{ Ss Bureau of Reclamation Concrete 


Vanual (V.4, p. 46) : for a given 


Wwater-cement ratio and degree of work ibility _ 
the least 


practicable amount of paste wall 
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result, in improved quality of conerete for 


most purposes, principally because of the 


attendant reduction in the unit water 


content.” 
word as follows a 


Might one not “unit 


water content law?’ ‘For a given set of 


materials in a workable mix and for given 
strength, entrained air content, placeability 
or slump, the concrete mix with the lowest 
water content will have the lowest volume 
change and the lowest permeability and the 
highest resistance to freezing and thawing.” 

\ superficial review of the literature leads 
the writer to believe that existing data con- 
matters of volume 


firm the change and 


permeability. When including resistance to 
freezing and thawing in the above statement, 
the writer is admittedly not prepared to 
supply accompanying prool 

Although politically the writer is against 
increasing the number of laws on the books, 
engineeringly there would seem to be a good 
case for this one 

GrorGE B. Sowers, Con 

sulting Engineer, Cleveland, 
Ohio 


New Type of Mold for Concrete Test Cylinders? (LR 49-93) 


Recent ¢ Lperrence with the storing, batch 
ing, mixing, placing, sampling, and testing 
set-up ona large conerete Construction pro 
ect lends the 


writer to offer a suggestion tor 


the development of an improved type of 
conerete test evlinder mold 

Robert A. Burmeister’ 
Molds fon 


Sept 


article, “Tests ol 
(‘ylinders,”” AC] 
Pros \ 17, » 17, 


evlinder 


Concrete 
1950, 


Paper 
JOURNAL, 


points out variations in strengths 


to be expected, statistically, using two 


different types of Wax-impregnated cardboard 
molds, us compared to steel molds 

It has occurred to the writer that a plastic 
impregnated cloth mold, formed on a steel 
relatively stable under 


mandrel, would be 


the usual job moisture and temperature 
could be im 


that 


conditions \ fine steel wire 
bedded in the 
by pulling it, the 


height of the mold, so 


plastic could be stripped 


off the formed cylinder, much as the red 


vuln o7 


Alternatively, 


strip ol cellophane onion package o) 


elgnrettes opens the package 


i thermoplastic could he used lor Impreg- 


nating the cloth so that the ippli ition ot 


in electric current to «a fine metal wire 


would soften the plastic sufficiently to allow 
removal QO would be 


course, it possible 


also to soften the maternal with « soldering 


iron or other such instrument 


S. wa 
CEC 


Go.upsTEIn, Lt (JG) 
USNR, Arlington, Va 





of Significant Contributions in Foreign and Domestic Publications 


Low cost concrete pavements for residential Fields of application of poems concrete 
streets (Anwendungsgebiete des Spannbetons) 
L. R. Gare VWichige toad nd ructior Apr Kk. Derinincer, Die Bauzeitung (Stuttgart \ ss 
2, 1953, p. 52 No. 4, Apr. 1953, pp. 119-125 
Reviewed by Anon L. Mursky 
Design standards and construction specifi- 
Primarily addressed to architects Pre 


for low cost pavements in Birming- 

sents : antages ol stresse ‘te as 
ham, Mich., are described re ee ee: eee 
exemplified by various applications (roof 


eautions 


trusses, girders, bridges, ete.) 
Slag garaged 
B A Ste la 


power Aluminum formwork for concrete construction 
fail rete The Reinforced Concrete Review (London), V. 2, No. 9 
a Apr. 1952, pp. 613-22 
This revised standard provides 4 grading Keviewed by P, Siess 


ot blast-furnace slag aggregate suitable for 


“ a The properties of various aluminum alloys 
mixing in a “‘no-fines”’ concrete. The methods iti ? ‘ 


; liscussed with respect to cold working 
ol sampling, testing, and grading are brought eric ee ee - B, 


heat satment “ight, : ‘sistance t 
into line with those of other standards. “be ns ae ind resi oe ~ 


atmospheric or chemical corrosion and 
electrolytic action, and precautions to be 
Good concrete depends on aan aggregate 
Rownerr I BLANKsS, ¢ } Y. 22. No. 9 ; 
Sept. 1952, pp. 67-71 tioned Several examples are given of the use 


Reviewed by Gorpon L. CurpmMan 


taken in design and fabrication are men- 


of aluminum forms in the construction of 
General discussion of the various objectives buildings, prefabricated houses, tunnel lining, 

and operations in aggregate processing The and east-concrete products 

import mice ol gi dation improvement, unt 


formity control, and correct: batching and — The sloping roof (La toiture en pente) 
mixing are stressed A. Potrson innale de L'Institut Technique du 
Batiment et des Travaux Publu Paris No. 62, Feb 
1953 
° ‘ J Reviewed by Puitire L. Mevvinwe 

Northwest has its first prestressed bridges 
Western Construction, Mar, 1953, p. 59 \ study of the necessity to waterproof 
Reviewed by M. W JACKSON 

: roofs steeper than 8 percent to avoid crac king 
sriel descriptions ol three prestressed and weathering of the concrete Water 
concrete bridges constructed in Washington tightness may bn obtained = by painting, 
by private lumber companies on | s sealing of eracks, or bituminous coatings 


Forest lands, designed for H-20 8-16 loading Practical applications are reviewed 


*A part of copyrighted JouRNAL OF THE AMERICAN Concrete Institute, V. 24, No. 10, June 1953, Proceedings 
V. 49. Address 18263 W. MecNichols Rd., Detroit 19, Mich. Where the English title only is given in a review, 
the book or article reviewed is in English. If it is followed by a foreign title the work reviewed is in that language 
In those cases where the foreign title cannot conveniently be set in type or is not available, the language of the 
original article is indicated in parenthesis following the English title. Copies of articles or books reviewed are not 
available through ACI. In most cases they can be obtained direct from the original publishers. Address, when 
available, will be furnished by ACI on request 
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Determination of composite beam 
(in Japanese) 
Masaku Yasui 
Cinl Engineer 
pp. 21-25 


section 


Journal of the Japan Society of 


Tokyo), V. 38, No. 1, Jan. 1953 
AUTHOR'S SUMMARY 


Proposes a direct method of obtaining the 


section of a composite beam 


Concreting plant, machinery and tools 
bk. U. Broapsent, The Reinforced Concrete 
London), V. 2, No. 9, Apr. 1952, pp. 559-602 

Reviewed by C. P 


Review 


STESS 


Discusses machinery and tools used in 


production of concrete pavements. Phases 
of the work considered include testing and 
control, handling, batching, mixing, trans- 
porting, spreading, compacting, and finishing. 
Also formwork, 


transfer devices, joints, curing, and protection, 


covers reinforcement, load 


Behavior of prestressed concrete beams under 
vibrating loads (Ueber das Verhalten von 
Spannbetonbalken bei Biegeschwingungen) 
GG. Denknaus and G. Duck, Beton- und Stahlbetonbau 
Berlin), V. 47, No. 3, Mar. 1952, pp. 59-62 
Reviewed by Kupoven Fiscui 
Tests showed that the frequency of oscil- 
lation of a prestressed beam was higher and 
the damping was lower than in normal rein- 
forced beams. The ratio of the frequencies 
Was approximately 1:2, and of the dampings 
3:1. The prestressed cables were not bonded. 


Sawdust mortars (Les mortiers de sciures de 
bois) 

Hi MANcue, 
Paris), No 


Revue des Materiauxr de Co 
448, Jan. 1953, pp. 17-24 
Reviewed by Puitiuip | 


natruction 


MELVILLE 


\ study of the physical properties of saw- 
dust-cement mixtures (resistance to abrasion, 


flexural and tension tests, workability, 


shrinkage). Further tests cover the effect. of 


adding sand on density, strengths, and 


shrinkage. Costs and practical applications 


are reviewed. 


New wharf for Auckland 


World Construction, VN 5, No. 6, Nov.-Dee 


pp. 24-26 


1952 


Reviewed by Gorpon L. Cutepman 


Brief description of the construction of a 
New Zealand 
wide and 1160 ft 
\ 66 ft wide perimeter quay in rein- 


four-berth cargo wharf in 
The wharf is to be 310 ft 
long 
forced concrete pile and. slab construction 
solid fill 


encloses behind 


bulkhead 


a steel sheet pile 
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Prestressed ceramics as a structural material 

R. D. Jounstron, R. D. Curepman and W. J. Knapp, 

Journal of the American Ceramic Society, V. 36, No. 4, 
Apr. 1953, pp. 121-126 

AUTHORS’ SUMMARY 

Results of preliminary experiments with 


prestressed ceramic members are described. 


The test findings indicate that prestressing 


gives marked improvement in resistance to 
failure in both static and impact loadings. 
suggested for using 
prestressing methods with ceramic materials. 


Some possibilities are 


Precast prestressed concrete units for a sea wall 


The Engineer (London V. 195, No. 5067, Mar. 6 
1953, pp. 364-365 


Reviewed by Aron L. Mirsky 


Describes newly developed system of pre- 
cast concrete units (piles and wales) which 
may be used to construct groins or hollow 


(crib-type) sea walls. 


Analysis of arches continuing over three spans 
and supported on two intermediate columns 

V. A. Morcan 
ing London ’ \ 


Concrete and Constructional Engineer- 
48, No. 3, Mar. 1953, pp. 105-115 
Reviewed by Gorvon L. CutpmMan 

\ continuation of previous articles on the 
analysis of continuing parabolic arches by 
the moment distribution method. Formulas 
are developed for a three-span structure, the 
columns of which are assumed to be fixed 
at the bases and the arches fixed at the outer 


springings. 


American standard building code requirements 
for excavations and foundations 


Vanual of Engineering Practice No. 32, 
Society of Civil Engineers, New York 
28 pp., $0.80 


American 
, 1952 


Presents minimum safety requirements 


for excavations, shoring, and underpinnings; 
soil bearing capacities, borings, and testing 
standards; proportions of footings (concrete, 
timber, steel grillages); allowable pile loads 
and pier design; and retaining-wall design 
criteria. 

New roof at Victoria Station, Sheffield 

London), V. 175, No. 4551, Apr. 17 


Engineering 
1953, p. 5OS 
Aron I 


teviewed by Minsky 


Describes precast. prestressed 83.5-ft span 
roof beams designed to support lightweight 
glazed awnings over the platforms and 
(future) overhead equipment when the lines 


are electrified. 





CURRENT REVIEWS 


Design and construction of circular liquid- 
retaining structures in prestressed concrete 


J. W A. Acer, The Reinforced 


Concrete Rerieu 
London), V. 2, No. &, Jan 


1952, pp. 509-554 


teviewed by C. P. Stress 


A rather complete discussion of the design 


and construction — of prestressed concrete 


circular tanks. Includes descriptions of 13 
tanks constructed recently in 


Magnel-Blaton 


England, all 


using the system of pre- 


stressing 


Trends in linear 
construction 
CHARLES CC. ZoLuMaNn 


0. 2, July-Dee. 1952, pp 


American prestressed 


Precontrainte 


0-74 


Brussels), V. 2 
Brief description of American prestressing 
techniques, continued from Jan.-June, 1952, 
issue of Precontrainte (see “Current Reviews,” 
ACT Journar, Nov. 1952, p. 249). Describes 
field made prestressing units, applications ol 
than 


recast 
| 


post-tensioning to structures other 


beams and girders, pretensioned 


bridge beams, and trends in design. 


Add-area method extended to include compo- 
site sections 

Dewey M. MeCain, ( y y, V. 22, No. 8 
Aug. 1952, pp. 52-53 


Reviewed by Gorpon L. Cuipman 


An explanation of the add-area method as 
applied to the design of concrete columns 
under eccentric loads. 
for both 
reinforcing 


Examples are given 


svmmetrical and unsymmetrical 


Machine for field testing of welded bars 


Gi. P. NAGARKAR 


31st Annual Report, Institution of 
Engineers (India “ 


Jombay, 1952, pp. 25-27 


A portable, hand horizontal 


tension 


operated 


testing machine has been used in 


testing welded reinforcing bars. Tension is 
applied by hydraulic jacks, the bar being 


held by special wedge blocks. 


Self-supporting precast irrigation elements 
Centre Scientifique International K. P. Billner 
France, 1953 


Paris 


A collection of three 
irrigation canal elements presented at the 


papers on precast 
Second International Vacuum Concrete Con- 
vention in Rome. It describes the use of the 
vacuum process in manufacturing irrigation 
flumes and the installation of such elements 
in Italy, Morocco, and 


Algeria, Spain, 


France 


Effect of fire on concrete structures 
K. R. Banks, Constructional Re 
No. 7, Nov. 1952, pp. 22-24 


Reviewed by Gorpon | 


Sydney V. 25 


(CHIPMAN 


Brief 


resistance ol 


summary of information on fire 


conerete structural elements 


A short bibliography is included 


Slope-deflection method for arch frames (Das 
Drehwinkelverfahren fuer Rahmen mit gekruem- 
mten Riegeln) 

R. Grams, Beton- und Stahlheton! 


No. 2, Feb. 1952, pp. 30-35 
PI 


Serlin 7. 


Reviewed by Rupo ten Fiecut 


Shows the advant ige of the slope-deflection 


method for the design of continuous are} 


Irames Formulas are developed and i 


numerical example for a frame with three 


spans and with unsvmmetrical loading i 
| 


computed 


Influence line of the second-order theory and 
certain practical formulas (Die Einflusslinie der 
Theorie Il. Ordnung und einige praktische 
Formeln) 

Nik. Dinwirrov, Der Baningenieur (Berl V. 2s 
No. 1, Jan. 1953, pp. 19-22 


Reviewed by Anon I Mirsky 


Develops formulas — for beam-columns 


[members under bending plus direct. (axial) 


load| from considerations of buckling \ 


two-hinged rigid frame is utilized as a 


numerical example 


New experimental housing project (Un nouveau 

chantier experimental) 

J. Depecvater, Cahie dui Centre 

Technique du Batiment (Paris), No. 136 
Reviewed by Pattie I 


crentifique 
>) / 


Meruvinwut 


Description of construction of three ten 


story apartment houses. Careful planning 


allowed use of slabs on reinforeed 
little 


Prefabrication was also used for the 


precast 


concrete frame with need for wood 


forms 


stairs, some partitions, and kitchen fixtures 


On the creep of statically indeterminate rein- 
forced concrete structures (in Japanese) 


Kiyosut OKapa, Journal of the 
( l Engineer 
pp. 543-547 


Japar Socve 


Pokyvo \ 37, No. 12, Dee 1052 


AcTHOR’s SUMMARY 


Contains the exact solution by the slope 


deflection method of the stress in a 


these 


creep 


few simple structures, and compares 


with an approximate solution using the 


equivalent modulus of elasticity of the 


members 
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Housing project in Moselle, France (Construc- 

tion de logements ouvriers en Moselle) 

J. Desenvater, Cahiers du Se 

Technique du Batiment (Paris), No. 16 
Reviewed by Puitup | 


entifique et 


MELVILLI 


Description of a large scale housing project 
Concrete walls were cast in place with pre- 


fabricated forms Floors were precast con- 


crete hollow Pumice was used as 
aggregate. 


was obtained throughout the project. 


stringers 
A high degree of standardization 


Deep-water piers are precast concrete 
Engineering Nea Record, V 150, No. 10, Mar 
1953, pp. 30-31 
Reviewed by Gorvon L. Cutpman 

Recent construction of deep-water trans- 
mission tower foundations for 
the south 
facilitated by use of 
The 


effecting a substantial saving over caisson ot 


a line crossing 


arm of San Francisco Bay was 


heavy precast concrete 


units method was credited with 


cofferdam systems 


Ultimate strength theory for short reinforced 
concrete cylindrical shell roofs 
l ] BAKER Vagazine f Concrete Resea 
London), No. 10, July 1952, pp. 3-8 
AUTHOR'S SUMMARY 


Baker 
1950, 
ACT JouRNAL, 


17, p. 575), in which he 


The theory proposed by Professor 

in Magazine of Concrete Research, No. A, 
p. 27 (see “Current Reviews,” 
Mar. 1951, Proce. \ 
provides at simple method for designing shell 
roofs including prestressed shells, is extended 
to include shells in which longitudinal slab 


bending is not negligible 


Technological analysis of hardened concrete 


KRYSTIAN EymMan, Materialy Budowlane, V. 7, No. 3 
1952, pp. 65-70 

Crsamie ABSTRACTS 

Jan. 1953 (Indyk 


Describes new method for the technological 
With this 


method, the proportions of elements in’ the 


analysis of hardened concrete 


concrete can be determined far more simply 


and accurately than with any chemical 


analysis method. Examples are given 


Model tests on a thin prestressed barrel roof 
VU agazine of Concrete Research (London 
1952, pp. 0-16 


DD, VLACHLIs 
No. 10, July 


Describes and discusses a series of tests 
on a test model prestressed cylindrical shell 
of 12-m span between supports, having an 


elliptical cross section of major axis 2 a 


AMERICAN CONCRETE IN‘ 


TITUT! — 


1953 


tm and height b 1.25 m. The shell had 


a uniform thickness of 3 em stiffened at the 


supports by a 10 x I4-em edge beam Pre- 


stress was applied by the Freyssinet svstem 


with “a ible running along the “HNXIS OF em h 


of the edge beams 


Full or annular circular foundations subjected 
to eccentric loads (Fondations circularies 
pleines ou circulaires annulaires soumis a des 
charges excentrees) 

GG. Merey ipplement to the 
Technique du Batiment et des 7 


rhéories et Meth 


in le Lily 

P Serie 
il (NVITID, Feb. 1953 
Reviewed by ( P 


vies ce 
SIESs 


Graphs are given for determining normal 


stresses In annular circular sections subjected 


load The 


assumption is made that the tensile strength 


to combined axial and bending 


Is Zero 


Plywood forms in hospital construction 
The Engine Journal (Montreal), V. 36, No 
Ap 19538 


p 101 


Reviewed by Aron L. Murst 


Montreal’s new 750-bed 


steel-framed general hospit il are being placed 


Concrete floors for 


using Douglas iv ply wood forms The roof 
wus placed first, the forms then being lowered 
from floor to floor as conereting progressed 
Small L-shaped metal clips driven into the 
plywood remain embedded in the concrete 
ind serve as anchors for channels supporting 
the finished ceiling 


SAVINGS Are expected to 


reach 15 to 20 percent ove! ordin iy torms 


Structures—practical examples (Hochbaukon- 
struktionen—Rechnungsbeispiele aus der Praxis) 


RicHarp Joun 
pp SH.4 


Springer-Verlag, Vienna 


1052 20 
M. W. Jackson 


The book consists entirely of the solutions 
to LOS problems It begins with shears and 


moments in simple beams and progresses 
through problems in foundations and design 
of wood, conerete, and steel structures 


There are about 50 pages of re inforeed con- 
tied 
The 
appendix contains 50 pages of reprints from 
DIN Standards and 
sections and miscellaneous data; it includes 


DIN 1045 on 
The book is the type that might be 


crete design (slabs, beams and girders, 


and spiral columns, and. stairways) 


tables ol properties ol 


7 pages [rom reinforced con- 


crete 
structural calcu- 


it good general review ot 


lations for state license examinations in the 


United States 





CURRENT REVIEWS 


New bridge at the narrow entrance of the 
Hautrage Basin (Construction du pont sur le 
goulet de la Darse D'Hautrage) 

Brussels), V. 2, No. 2 


Jean Caper, Precontrainte 
July-Dee. 1952, pp. 75-83 
AUTHOR'S SUMMARY 

This bridge has a span of 163 ft and a 
width of 70 ft; it is a skew slab of 
56 min 


3 deg 
It consists of eight hollow beams, 
each 8 ft 7 in. high, 8 ft 6 in. wide, composed 
of prefabricated 3-ft elements prestressed by 
256 The 


anchorages are of the Magnel-Blaton system 


wires of 9/32-in. diameter end 


Transverse prestressing distributes the live 


loads on the different beams 


Ultimate strength of prestressed beams 

G. MAGNEL, Concrete and Constructional Engineering 

(London), V. 48, No. 2, Feb. 1953, pp. 73-78 
Reviewed by Gorpon L. CuteMan 

that 

ultimate 


Author contends formulas 


tor determining 


present 
strength contain 
coefficients based on experimental results of 
of doubtful 
when applied to larger beams 


small beams which are validity 


By using known experimental results on 


large prestre ssed beams, the author develops 


a simple formula for ultimate bending moment 
which is applicable to most practical beams 
Results are tabulated for 


beams 


representative 


Application of electric reistance gages to the 
measurement of strains in reinforced concrete 
H J C’OWAN The Reinforced Concrete Re 
London), V. 2, No. 9, Apr. 1952, pp. 603-612 
Reviewed by ( I’ 


SIEss 


This aimed those 
persons with little knowledge of the principles 
The 
types of gages made in England are described, 
their 


paper is primarily at 


or use of wire resistance strain gages 


installation on either 


steel] 


and concrete 


surfaces or reinforcement is discussed 
The basic Wheatstone bridge circuit for the 


detection of changes in strain is also described 


In large concrete dams—when should joints 
be grouted? 


Farrrax D. Kirn and G. S. Sarkia, Western Con 
truction, V. 28, No. 3, Mar. 1953, pp. 74-76 


Reviewed by M. W. Jackson 


Discussion of construction joints in dams, 
should have keys or flat 
should be 
suitable 


whether they 


faces, 
whether they grouted, and what 
The 
structural behavior of arch dams and straight 
and the trial-load 


Is most time tor grouting 


gravity dams, twist 
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method of dam analy sis are reviewed briefly. 
that for 


contraction joints should have keyed faces 


It was concluded arch dams all 


and should be grouted. For straight gravity 
dams, longitudinal contraction joints should 
be keyed and grouted; provision of keys and 
grouting of vertical joints should depend on 
The best 
depends on judgment or on stress analysis 


the analysis time for grouting 


Railroad bridge at Grifte (Die Ederstrom- 
bruecke bei Grifte) 


Reviewed by Rupo ten Fiscut 


Describes the construction of a two-track 
railroad bridge with six continuous spans ol 
20 to 25 m 


rate girder 


Each track is carried by a sepa 
with a full 175 m 


width and 1.85 m height, with lateral canti 


section. of 


lever arms forming a trough for the ballast 
The girders are partially prestressed by using 
the Finsterwalder system. This construction 


was more economical than a design in steel 


Statical theory of thin shells by methods of 

vectorial analysis (Theorie de la statique des 

voiles minces par les methodes de I'analyse 

vectorielle) 

M. LAYRANGUES Annales de Ponts et Chaussees 

Paris), V. 123, No. 1, Jan.-Feb. 1953, pp. 69-105 
Reviewed by Anon L. Mirsky 


1 


Author ce velops theory of thin shells from 


considerations of static equilibrium using 
analysis 


shells 
equilateral hype rbolic paraboloid or a hyper 


vectorial As examples there are 


considered with the axial surface an 


boloid of one sheet, and shells in the form 
of a cone or revolution 


Fatigue test on a beam with looped cables 
D. P. Bituineron, Precontrainte Brussel Ve 
No. 2, July-Dee, 1952, pp. 84-035 


AUTHOR's SUMMARY 


If the 
looped at 


cables of a prestressed beam are 


one end and anchored with, for 


example, sandwich plates it the other end 
where the prestressing jack will be used, the 
than 


The aut hor reports 


beam may be more economical with 


anchorages on both ends 
on tests of the resistance of looped Wires 
fixed in concrete blocks and the statieal and 
beam where the 


The 


of the experiments are in favor of the use of 


dynamical behavior of a 


looped wires are applied 


corm lusions 


looped wires 
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Fire tests on expanded slag block walls 
Concrete, V. 60, No. 11, Nov. 1952 pp. 3-7 


Reviewed by Gorpon L. Cureman 


Summary of the results of 
tests 


numerous fire 


made at Underwriters Laboratories, 


Inc., Chicago, on conerete masonry walls 


made with slag aggregates. The purpose of 
the investigation was to determine (1) the 
effect of variations in the unit weight of the 
expanded slag aggregates, (2) the relation- 
ship ol equivalent thickness in the design ol 
block, 


spaces with expanded slag aggregate. 


and (3) the effect of filling the core 


Design of deep girders (Bemessung wandartiger 
Trager) 

H. Bay, Beton 
$, Mar 


und Staklhetonbau (Berlin), V. 47, No 
1952, pp. 54-57 


Reviewed by Rupouren Fiscut 


An approximate method for the design of 


moments and shear forces is discussed, and 


formulas are given to determine the tension 
and diagonal reinforcement of deep girders 


with single or continuous spans with uni- 


formly distributed or concentrated loads. 


The formulas are based on the elastic theory 
ive 


suming computations. 


and close results without time = con- 


Design and construction of concrete pavements 

I N. Sparkes, The Reinforced Concrete Re 

London), V. 2, No. 8, Jan. 1952, pp. 465-508 
Reviewed by C. P 


SLESS 


Emphasis is placed on the more recent 
developments in pavement design and con- 
struction, including the relation between slab 


thickness and subgrade characteristics, 


methods of compacting subgrades, quality 


control ol concrete, and increased use ol 


Includes a 
discussion of the factors that affect the riding 


machinery and equipment. 


quality of concrete roads. Prestressed con 


erete pavement slabs are covered briefly in 


an appendix, 


Tilt-up walls have own columns, beams 
irchitectural Hecord, \ 113, No. 1 Jar 


1953, pp 
169-172 


Reviewed by M. W. Jackson 


Describes construction of two buildings in 
St. Louis Produce Market, each Il4 x 1225 
it They were built with a total of OS tilt up 
wall sections beams for 
with the 
11.5 
When panels 


The columns and 
the buildings were cast integrally 
wall on the floor slab. The frame was 


in. thick, and the panel, fain 
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were erected, the tops were connected by 
welding steel bars to steel anchors cast in 
the panel Precast concrete roof joists were 
set in notches cast in the panels. 
steel bars at the ends of the 
welded to plates in the wall. For 


kxposed 
joists) were 
the roof, 


asbestos cement sheets were used for 


forms 


for 3 in. of vermiculite conerete. An eco- 


nomical application of tilt-up technique. 


Core tests of 
Japanese) 
SADAO SAKAMOTO, Journal f the Japan Societ 
Cimnl Engineers (Tokyo), V. 38, No. 1, Jat 
pp. 14-20 


concrete tunnel lining (in 


f 
/ 


1053 
AuTHOR'’s SUMMARY 


bored 
Strength 


teports test results of cores from 


the concrete lining of a tunnel 
of cores taken from sections that were well 
vibrated compared favorably with specimens 
made in the laboratory, but the strength of 
cores bored from the upper parts of the arch 
crown were low, showing that both place ment 


and vibration could be improved. 


Prestressed precast tower frames 
Concrete and Constructional Engineering (Londo 
V. 48, No. 1, Jan. 1953, pp. 61-03 


Reviewed by Gorpon L. CuiepmMan 


The frame is constructed of precast. con- 


crete members prestressed by the Lee-MeCall 
svstem and comprises four 12-in. square 
columns at 11 ft 6 in. centers and 35 ft high 
The consist of 14 


frames ol U-shape, thirteen 9 x 


precast members portal 


inverted 


6-in. cross beams, four short columns, and 


four platform beams and slabs; 34-in. and 
1o-in. diameter high tensile bars were used 


lor prestressing. 


Equivalent rectangle in prestressed concrete 
design 

Joun J. Peenrtes, Pr 
187, V. 79, Apr. 1953 


weeding 


ll pp 


ASCE, Separate No 
$0.50 

AUTHOR'S SUMMARY 

\ simple procedure is presented for select- 
ing cross-sectional shapes and dimensions for 
beams in a 


prestressed manne! 


similar to 


that used for selecting structural steel shapes 


The required section modulus is computed 


from. the bending moments and from. the 


allowable working stress in concrete. From 


an equation utilizing an equivalent ree- 


tangular cross section, or by use of a chart, 
the dimensions of the selected shape can be 


determined rapidly . 
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Jacques-Boulloche bridge at Bezons (Pont 


Jacques-Boulloche a Bezons) 
lemer Lh 


Supplement to the Ar 
Batiment et de 7 ; i] 
Pravaux Publies (XVITD), De 1952 


Reviewed 


Design details and dese ription of construc 
tion ol three spun reinforced concrete bridge 
(176-512-176 the 


Center 


It) overt seme «at SeZ0ns 
consists of two cantilevers con 
thre 


The bridge is supported it the piers 


span 


nected at the middle of span through «a 
hinge 
irticl 


1953 


(Ser ilse 


Apr v, 


ind abutments on rollers 


Vews-Record 


In Engineering 


Calculation of the breaking moment of a pre- 
stressed beam (Le calcul des poutres en beton 
precontraint a la rupture) 

G. Maanen, Pre 

July-Dec, 1952 


The nuthor has anal zed eight beams whicl 


tested the breaking 


the 


been 
finds 


resistance 


bave up port 


and a simple formula giving ulti 


rhisate moment of a prestressed 
He shows how calculations are simpli 


first the 


beam 
fied 


dimensions 


when one determines essential 


width ind thickness of top 


ae pth 


using the 


{ 


flange effective ind cross section oO 


cable by new formuls 


Changes in bond strength caused by revibration 
of concrete and the vibration of reinforcement 
Wittiasm J. Larxacn, M ’ f Concrete Rese } 
Londor No. 10, July 1952, pp. 17-21 


AcrHor'’s Sum 


By 
(1) 


which 


means of pull-out tests the effeets of 


revibration of partially set conerete in 


reinforcement is” located (2) the 


application of vibration direct] to the rein 
forcement during concrete placement and (3 
vibration of bars protruding from 
studied The 


2 ind (3 


itmnent | 


the direct 
partially set concrete ine 
that treatments 


that 


results indicate 


have little effeet, and tre 


i deere ise of ibout 


the 


may result in 10 percent 


na tive bond stress for horizontal 


iVerige 


reinforcement used 


Design data for single-span bridges in pre- 
stressed concrete 

\ W. He S yor 

Apr. 4 953, pp. 231-242 


Reviewed M 


conerete design formulas are 


Prestressed 


reviewed. briefh Tables are presented for 


required depths of symmetrical J ind box 


REVIEW 


sections for spans from 10 to SO ft under a 


uniform live load of 260 psf and concentrated 
load of 2700 Ib per ft \ 


ilues are COM part dl 


slab by 
The 


mmetrical [- or 


Khd? 6 


with those for a solid means of an 


enclosing rectangl ection modulus 
may be 
ind d are the 
dimensions of an enclosing rectangle Depths 


thie values of A 


from 0.5 to 1. the f full 


ny s\ Dox sector 


expressed is where ') 
are present iam tables for 


latter bemg for a 


rect ingle 


Elevated roadways at sugar refineries 
( ete , « / 
V. 48, No. 1 3 


Describes th salient features of 
verhead 


who is 


recently constructed rondwa 


> tt ind 


reinforced concrete wide 


on ross be ind) cantilevers 


12 in 


compressed in-situe piles 


is) carried itis 


supported on quare columns Franki 


were used varving 
25 to 57 ft 


ind t 


in length from Frames com 


prising two colutines cross beam with 


ends 
pres ist) in 


Precast 


cantilever ind up to 7 tons 


veighing 


were one unit and hoisted into 


fitted into 


tive 


position vall slabs were 


the columns to form walls of 


chases in 


Longitudinal beams to « road 


the silos un) 


slab, together with road and) ramps, 


Group loadings applied to the analysis of 
frames 

I. F. Mor 

1s3, \ 


In the 


structures 


highly 


TASK Of setting 


inalysis of indeterminate 


thi 


equ irons 


Irate up ind 


the elastu becomes time 


may be 


solving 


consuming Several methods heen 


vine the worl short 


deve loped ly 


ened considerabl Ot these, the 


hong 


| | { 
CLASSIC rie 


perhap that of 


group 


londing is the best most comprehensive 


method 
The 


ol this rie thod iti 


paper sets fortl in detsal, the theaor 


inal y tae lor | vamples 


in algebraic form, followe illustrative 


numerical computations to make 


| thee 


Clear the engineering appheation — of 


\ still 


if equiut 


theor further reduction in the num 


ber of eClust ons | effected by thre 


choiwe of a statu indeterminate primar 


structure \ numerical application of thi 


is also ane hace dl 
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Concrete made with brick rubble aggregate 
(Ziegelsplittbeton) 

Cuantisirus, W 

i ior No. 110 

beton, W. Ernst & Sohn 

Reviewed by 


Drecuse., and A. Hummer, Pub 
Deutscher Ausschuss Fuer Stahl 
Berlin, 1952 


Werner H. Gumperrz 


War II 
make use of 


Since World German engineers 
tried to brick 


(which abounds in cities as result of air raids) 


have rubble 


lor purposes of reconstruction. This paper 
deals with compressive strength character- 
made with such rubble 


istics of concrete 


used as aggregate. The strength depends on 
the amount and size of brick rubble used; 
but at least until the American 


engineers will find little practical use for these 


next war, 


extensive experiments and their results. 


Effect of delay in applying concrete curing 
membrane 


Baitey Tremeer, Roads and Streets, V. 96, No. 3, 
Mar. 1953, pp. S6-88, (and California Highways and 
Public Works, Nov.-Dee. 1952 

Reviewed by M. W 


JACKSON 
cured 
with different types of membranes applied at 
10 hr and 
membranes to effect of 
The tested at 12 
compressive strength for comparison. 
that 
time for applying the membrane, and that 


Series of concrete cylinders were 


hourly intervals up to without 


determine delay. 


cylinders were days for 


It was found there is an optimum 


an Shr delay in application was equivalent 


to no cure. The membrane should be applied 


immediately after the water sheen has dis- 


appeared from concrete If not 


applied 
promptly, the concrete surface should be 
moist by some 


kept continuously effective 


means until it can be applied. 


Highway materials surveys 


Bulletin No. 62 
118 pp., $1.50 


Highway Research Board, 


1952 
Presents in a symposium of four papers 
the latest. information and developments in 
the field of (1) “How to 
Use Maps for Material 
Surveys,” by Mintzer and Robert 
EK. Frost; (2) Considerations in 
Relation to a Materials Survey,” by 
L. Young, Jr., and L. FE. Gregg; (3) “Geo- 
physical Methods of Subsurface Exploration 
Applied to Materials Surveys,” by R. 
Woodward Moore; and (4) “Material In- 
ventories,” by Tilton E. Shelburne. The 


four papers contain nearly 350 bibliographic 


material surveys: 
and 

Olin W. 
“Geologic 


Airphotos 


James 


references 
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Construction methods for 40,000,000 gallon 
water-supply reservoir 


Hampton C. Goppe, World Construction 
Nov.-Dee. 1952, pp. 48-57 
Reviewed by Gorvon L 


V. 5, No. 6 
CHIPMAN 
This reservoir which serves the Great Salt 
Lake Valley in Utah is divided 
lined  20,000,000-gal. 
Cylindrical columns of reinforced concrete 


into two 


concrete chambers. 
on 22-ft centers support a 7!%-in. roof slab. 
Intire reservoir will be topped with 18-in. 
of earth and landscaped. 

An ingenious method of fine-grading was 
developed by using a tractor with reversed 
dozer blade to “drag down” the bank slopes, 
preparatory to paving, aided by winch lines 
from tractors on the bank to hold dozer in 
place. Embedded mine car rails served as 
grading templates 


Swedish cement sales organization 60 years old 
(Cementa 1893-1953. Cement distribution 
under 60 ar) 

Tr. CarRLsson, Cement och 
No. 1, Mar. 1953, pp. 6-17 


Reviewed by 


Betong Malmé6), 


Vv. 2, 


Kivinp HOGNESTAD 


Cementa, Swedish cement sales corpo- 


This 


corporation is now representing most cement 


ration, was founded in January, 1893. 


producers in Sweden on the domestic market 
as well as in export business. Article discusses 
the circumstances which led to the founding 
of Cementa, and its development and growth 
through 60 years of operation is reviewed 
with reference to pertinent economic, tech- 
Since 1893, 


Swedish cement production has increased on 


nical, and organizational factors 


the average of 6.2 percent per year to a 
production in 1952 of about 1.7 barrels per 


capita 


Ways to cut building costs shown by General 
Accounting Office Building, Washington, D.C. 


W. E. Reynoups, Ciril Engineering, V. 22, No. 6, 
June 1952, pp. 50-54 


Reviewed by Gorpon L. Curpman 


Methods of 
studied in connection with the design of the 
Office 


Some of the more significant con- 


cutting costs were carefully 


government’s General Accounting 
Building. 
struction shortcuts that resulted are brought 
out in this article. A block-type structure, 


minimum of architectural embellishments, 


and maximum use of repetitive units were 


important factors in bringing the cost of the 


structure down to $1 per cu ft. 





CURRENT REVIEWS 


Proceedings of the First National Congress 
of Applied Mechanics 
American Society of Mechanical Engineers, New York 
N. ¥ 952, 965 pp., $20 
Reviewed by M. W. Jackson 
Contains most of the technical papers and 
lectures presented to the congress in Chicago, 
June, 1951; a total of 130 
cluded Subjects vary 
portant 


papers are in- 
widely among im- 
current problems and include be- 
havior of materials, failure, plasticity, plate 
fluid 
Only one paper deals directly 


theory, elastic instability, dynamics, 
mechanics, ete. 
with concrete (see review below) but many 
are related. Many articles are carefully doc- 
umented with bibliographies. 

The printing is a superior job in technical 
literature, and the presentation of charts, 
graphs, and figures is excellent. 
the book 


of work, and it is a valuable addition to the 


As a whole, 
represents a monumental amount 
Future 
are scheduled to be held at ap- 
proximately four-year intervals 


field of modern applied mechanics. 


congresses 


Inelastic behavior and failure of concrete 
A. M. FrRevpENTHAL, Proceedings, First U. S. National 


Congress of Applied Mechanics, 1952, pp. 641-4646 
eviewed by JACKSON 
A series of 4 x 10-in. 
three different 
bolic notches, 0.5 in. deep was prepared from 
three different 
used for comparison from the same mixes. 
All notched failed primarily by 
localized shear that started at the root of the 
notch. 


concrete cylinders 


with circumferential hyper- 


mixes. Plain cylinders were 


cylinders 


It appeared that failure followed a 


redistribution of the elastic stresses at the 


root of the notch. Results were interpreted 
on the basis of the “effective stress” failure 


theory. In metals the truly plastic re- 
distribution of nonuniform stresses is gradual 
and continuous. In concrete, however, the 
redistribution represents a sharp discontinuity 


in behavior, and it was concluded, is not 


truly plastic 


Theory of cracking of reinforced concrete 
(Theorie de la fissuration des pieces en beton 
arme) 

L. P. Brice, 


ment et des 


Annales de L'Institut Technique du Bati 
Travaux Publics (Paris), No. 54, June 1952 
Reviewed by Puiturr L. Mevvitue 


As soon as cracking occurs in a reinforced 


concrete member, the bond between the 


concrete and the steel becomes friction in 


969 


the direction opposed fo movement \s- 
suming that the friction is constant, the spac- 
Ing, minimum distance, mean distance, and 
width of This 
checked with experimental data and applied 


cracks are computed was 
to typical cases as a function of the stretching 
of the conerete and the physical properties 
of the steel It is concluded that friction acts 


against deformation As a result the stress 


distribution in a beam may be 
that 


of elasticity 


continuous 
different 
means of the theory 


materially from deduced by 


Earthquake stresses in shear buildings 
ASCE 

$0.50 
AuTHOR's SUMMARY 


G. SaLtvaporti, Proceedings, 


Separate No 
177, V. 79, Mar. 1953, 23 pp., 


Elastic 
due to 


stresses in a multistory building 


earthquake displacements of its 


foundation are determined by means of the 


normal modes of vibration of the building 


and numerical integration. The building is 
assumed to move due to the deflection ol its 
and the 


concentrated at the floors, which are infinitels 


columns, mass of the structure is 


rigid. Rocking of the building on an elastic 
soil and the influence of 


are taken 


internal damping 


into account Stresses in the 
multistory building are compared with those 
obtained by assuming the building to act as 
beam \ 


illustrates the 


a cantilever shear numerical 
example 


method 


applicat ion of the 


and permits an evaluation of its 


accuracy and efficiency by comparison with 


a rigorous solution of the same problem 


Time factor in the mechanical straining of rigid 
materials—Illustrative example: concrete (Der 


Zeiteinfluss bei der mechanischen Bean- 
spruchung fester Stofhe—Anwendungsbeispiel: 
Beton) 


Hecmut Korrner, Der Bau 
No. 1, Jan. 1953, pp. 12-17 


Reviewed by 


ngenieur gerlin), V. 28 


Anon L. Mirsky 


Survey article on the time factor as affect 


ing stress-strain relationships for — rigid 
When effect of time is included, 


the usual stress-strain curves become three 


materials 


dimensional surfaces, the third axis represent 
Maxwell's 


presented and compared Lo 


ing time relaxation theory is 


various other 
mathematical formulations (those of Straub, 


Shank, toss, MeHenry, 
Friedrich) for creep (plastic flow) of conc rete, 


Thomas, and 
author concluding Maxwell's theory may be 
applied not only to conerete but to other 


materials as well 
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Cooling of aggregate for Vaitarna Dam 
The Engineer (Lond , Ne 65, Fe 
1955, p. 2st 


Garavity dam (now under construction a 


part of Bombay water supply system) is 
1820 ft in length, 269 ft in maximum height, 
700,000 cu vd ot 
some S15,000,000 
ind Nov. 7, 1952, 
project.) 
chilled 


cement 


will require approximately 


cost 


Oecet. 31 


concrete, and wiil 


i i | 7 he Engineer, 
for a full description of the 


to 40 ] bey 


the 


Stone 1s cooled water, 


sand to 72 F by air blast; Is not 


cooled Mixing wile t ot I is used 
Specified maximum placing temperature is 
60 bk; during May, 1952, air 
reached 95 KF, whereus placing temperatures 


5S I ittaimed 


temperatures 


iis low “as were 


Canal grading and paving methods a feature 
of Ottmarsheim power plant job 
I. Surrer, World ¢ tion, V. 6. Ne 
42-49 


let 
19538 


Ke wer nS ‘ ON I CHIPMAN 


The Ottmarsheim powel plant is the second 
the 


which ex 


sStution ind canal section — of 
Canal d’ Alsace” 


Basle, 


to Strasbourg, France 


powell 
“(Crand scheme, 


tends from Switzerland, downstream 
The vacuum method was used to produce 
for 23,000 
Over 24,000,000) cu 
and 1,300,000 cu 
aggregates 900,000 cu yd ot 


are required in the project 


high-quality concrete precast 


vad 


vd ol 


canal-lining panels 
of canal excavation 


ind conerete 


Lifting and reconstruction of a damaged rein- 
forced concrete bridge (Hebung und Wiederher- 
stellung einer zerstoerten Stahlbetonbruecke) 
ind TH. Lanpes, Bete 
V. 47, No j 


d Stahdhbetor 
pp. 1-5 
DOLPH 


J. SCHOTTGEN 
han terli 


Reviewed by Kt Pisen! 


An 
hour Span War damaged highw i\ bridge Wiis 
than 


interesting report, showing how a 


rather rebuilt, thus saving 


repaired 
The girders were broken 
illy to the the 


bridge with one fraction in 


25 percent in costs 


almost) svmmetri middle of 


each span and 


were otherwise in good shape The deformed 


reinforcing steel was cut off at the exposed 
After lifting and 
the 
ind the 
Modified 


dead load moments were considered, and the 


parts and carefully tested 
levelling the broken parts of the bridge, 
welded together 


reinforcing Was 


concrete, where Hecessary, re ple ed 
measured deflections were in full accordance 


with the computed values 


AMERICAN 


CONCRETE INSTITUTE 


NSTI une 1953 


Concrete block manufacture in various countries 
(La fabrication des blocs de beton dans diver 
pays) 
Vater 
1953, pp 


Poinue L. Menuvinnt 


Reviewed by 


\ review of the manufacture of concrete 
the 
Production data is compared 


United 


block in Great Britain, Germany, and 


United States 


with that of the States and France 


from the points of view of amortization and 


The 


manship, raw 


Manpower import mice ot good work- 


materials, and 


the 


MIXES 1S 
to the 


machine lor a given plant should be by 


em- 


phasized ind conclusion iis hest 


“asking the man who owns one 


Sidewalk patching need not be a headache 
CURA i. Huey, Pu Wo Apr. 1953 7 
ARBA Teennteat 


Bac ed 
badly 


HOEY 


with thousands of square feet ol 
and with = little 
\ ikima, Wash m vAVve 
consider ition to two alternative s, 
find 
would bond to the old walk, withstand 
cold 
The 


USINZ 4S 4 


sidewalks 


<palled 


lor repair, 


(1) re place 


the sidewalks, and (2) some material 


that 
hot and weather ind heavy 


traffic 


emulsion 


extremes, 


final selection was an asphalt 


setting agent calcium 


aluminate gypsum cement instead of port- 


land cement Was 
The 
depth of fills varied from 'y in. to more than 
2 The material cost of the 16,000 sq It 


A thin coating of binder 


then applied lor a surlace. 


Wearing 
« il 


of sidewalk resurfaced averaged 8& cents pe 


sq it and labor 12 cents 


Statically indeterminate structures 
W anc MeCGraw-Hill Book Co 
\ 1953, 424 pp., $7.50 


Reviewed 


Cnu-Wia 


York 
by M. W. JacKksos 
This book Is probably the nost thorough 
published the 
statically 


treatment vet on principal 


methods of analysis of indetermi- 


nate structures It with Classical 


the deflect mon ol 
and 


begins 


methods of analysis, then 


trusses, analysis of beams trusses }y\ 


consistent deformations, slope deflection. 


moment distribution, and column analogy. 


Some special methods have been omitted, 


but no one book enn Covel all special svstems 


of analy 


SIs 
All principles are demonstrated by elabo 


The 


valuable in gaining 


rate numerical problems illustrated 


problems are proficiency 





CURREN 


in study of the subject or in applying it 


Statements of formulas and 


to bye 


principles are 
upt poorly understood by the average 
engineer unless he can see the application to 


Wang 
a long-unsatisfied 


such as Dr. has 
This book fills 
valuable reference 


useful textbook in its field. 


specific problems 


provided. 
and «a 


need as wor k 


Prestressed concrete railway bridge of record 
span completed at Rotherham, England 
Civil Engineering, V. 23, No. 1 


Donovan H. Let 
Jan. 1953, pp. 50-53 


Reviewed by Gorpon L. CuipMan 


Description of the longest span prestressed 
Pre- 
160 ft long and 12 ft 6 in. 
deep at center, were Cast In place Integr illy 
with the slab 
consisted of 337 high-strength Macalloy bars, 


concrete railroad bridge built to date 
stressed girders, 


flool The prestressing steel 


1! y-in. diameter, curved to follow a 


bolic 


chosen for 


para- 


profile. The prestressed design was 


minimum cost; it was estimated 


at 20 percent less than structural steel 


American concrete dams (Les barrages en 
beton Americains) 
MARTIN fnna le Lily 

4 


JEAN les d tit 
et de tur Publies (Pari 


sutiment 
1953 


Reviewed by Purture L. Menviuue 


An interesting report on an inspection trip 
of a number of dam construction projects in 
the United States 
the 


and 


Of particular interest to 
the 
aggregates, 
the mixing plants, the uniformity of results, 


Visitors were eareful manufacture 


control of the efficiency of 
the long range planning, the size and extent 
of the the the 
machinery, the 


working conditions. 


projects, ruggedness — of 


and improved social and 


Continuous bridge girder prestressed in 
single operation 


Frirz 
Jan. 1953, pp 


LBONHARDT, ¢ lB 
$2-45 
Reviewed by 
The Neckar 
Germany, is continuous over five spans and 
has a total length of 748 ft. 
by the Leonhardt system of curved cables; 
the cable 
special lubricating device to reduce friction 


Gorvon L. Curpaan 


gridge at Neckargartach, 


It is prestressed 


the high points of curve have a 


The entire 
one of the center 


during the stressing operation. 


structure is fixed at piers 


and is free to move longitudinally at all 


other pit rs. 
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Can CaCl, be used in summer? (Peut-on 
utiliser le CaCl. en ete) 
i Mancut < t Vv 
Paris), N ; 
NIRLVILLE 


Cone rete 
CaCl by 


cube sample Sl 


mixes with 1 ind 2 percent 
batched to make 


Two series were prepared ; 


weight were 


is mixed, the other after 


the 


with concrete 
30 and 60 


one 


min. exposure to alternoon 


sun, (around 26 ©) both being cured for 28 
(19 C) It 


days under is concluded 


that the CaCl 


water 
does not change appre itaboly 
the setting time but increases early strength 
It was also found that the curmg water does 
much chloride 


dissolve 


not 
the 


especially iter 


first few days 


Water power in the Italian Alps 
Londor \ 105 No 
3, pp. 280-232; Feb. 20, pp 
302-304; Mar. 6, pp. 338-340; Mar. 13 
i; Mar. 20, pp. 410-414; Mar. 27, pp 
bith-t4s r. 3, pp. 482-48 Apr. 10, pp. 518-521 
AKON L. Minsky 


AM4-SOT I 
206-200 


Reviewed by 


A lengthy, 
trated, ol 


exhaustive study, well illus 


the larger 
those 


many ol water power 


schemes, espe inlly with elements of 


novelty in their design. Covering as it does 


(albeit in a gene! il, not too detailed manner) 


electricity production, basin hydrology, and 


dam and power station design and con 


the 
with 
the 


struction, article presents a review ol 


hydroelectric art which may be read 


profit: by the specialist as well as by 


general engineer. 


Suspension bridge with slanting cables (Ueber 
die Haengebruecke mit Schraegseilen) 


iN KAMMULLEE Bet 


V. 47, No Mar 


Describes a new type of suspension bridge 
with cables running like ravs from the pylon 
head to the stiffening girder which, contrary 
to the conventional type, may advantageousl 
be built in reinforced concrete. The following 


advantages are claimed for this svstem; (1) 


the system, similar to a two-hinged arch with 
does not horizontal 


tie-rod, transmit) any 


thrust to the abutments; (2) the height of 
the stiffening girder is small; (3) low require 
steel 
dec k by 


small de 


ments of steel; (4) easy erection of 


construction and reinforced conecrets 
using the cantilever method; (5) 
flections under live loads; ind (6) economical 


and superior to other systems 
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Modern factory building for paper industry 
(Ein moderner Hallenbau der Papierindustrie) 
P. Goitiwirzer, Beton- und Stahlbetonbau (Berlin), 
V. 47, No. 3, Mar. 1952, pp. 49-54; No. 4, Apr. 1952 

pp. 76-79 


Reviewed by Rupo.en Fiscut 


The author planned, designed, and super- 


vised a large factory building with heavy 


machinery for paper production. The area 
of the building is about 179 x 41 m, with 
heights varying from 10 to 28 m. 
Preliminary designs were made for steel 
The latter 
cheaper than the steel frame 


and for precast concrete trame. 
proved to be 
and was chosen for erection. Many interest- 
ing details of design and construction are 
discussed, illustrated by many sketches and 


photos 


Test of prestressed concrete stairs 

Concrete and Constructional Engineering 

V. 48, No. 3, Mar. 1953 pp. 117-120 
Reviewed by Gorpon | 


London 


CHIPMAN 


Describes the test to destruction of a 
prestressed precast concrete stair flight, 20 ft 
7 in. long x 2 ft 10 in. wide, including upper 
The 
Macalloy 
bars, post tensioned to 42 tons per sq in. 
Under the load at 
stress in the concrete at the top ol the waist 
was calculated to be 4080 psi and the tensile 
stress in the steel 136,500 psi. 


and lower landings. stairs were pre- 


stressed with tensile steel 


high 


failure the compressive 


Prestressed concrete dams and tanks 


Rh. H. Evans, Journal of Institute of Water Engineer 
V. 7, No. 1, Feb. 1953, pp. 13-42 


Reviewed by M. W 


Jac KSON 


Discusses development of prestressed 


structures for waterworks. Examples de- 
scribed and illustrated include the following. 
built 1880, 


strengthened by vertical cables through the 


Cheurfas Dam, Algeria, 
dam and anchored into the bed rock. Mareges 


Dam, one abutment strengthened by pre- 
Rivieres Falls cofferdam anchored 
rock. Beni-Bahdel 


strengthened by means of flat 


stressing. 


into the base Dam 


circular hy- 
draulic jacks to introduce artificial stresses. 
The Saint-Michel Dam completed in 1946, a 
multiple arch type with buttresses included 
cables anchored in the 


diagonal ground. 


Strengthening of Hamiz Dam in North 


Africa described. 
The Portes-de-Fer Dam, Algeria, 1936, is 


probably the only dam designed in pre- 
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stressed concrete; but it is a lifting gute 
weir-type of dam, of about 30 ft difference in 


head 


pre yposed or 


Three other dams described that are 


under construction in Brazil, 


Algeria, and Germany. 
Prestressed concrete 


tank 


Discussion of 


construction is 


also reviewed paper by six 


other writers included. 


Composition of hydraulic concretes (Compo- 
sition des betons hydrauliques) 


L’ Institut 


ALBERT JOISEL, Annales de 
. ix Public 


Batiment et des Trava 


1952 


Technique du 
Paris No. 58, Oct 


Reviewed by Puitiur L. Mevvivir 


\ thorough study of concrete mix designs 
based on maximum density as a function of 
materials gradation and method of placing 
Sundry gradations are reviewed and Caquot’s 
selected (characterised by two straight lines 
D/2 if D is the 
The compactness of the given 


intersecting at maximum 


Zrain size). 
mix is determined as a function of the surface 
and the effect of the 


that 


area wall form It 


results “gap grading” is not usually 
useful. The data was verified in a series of 


trial batches 


California's concrete aggregate resources 
Bartty Trempeer and ELprepce DD 


V. 56, No. 1, Jan 


Drew, Roc 
1953, pp. 147-149 and 


teviewed by Donatp M. AGRIMSON 


In the discussion of California’s concrete 


sand and gravel resources the authors review 


the geological characteristics, aggregate types, 


specification limitations, and methods of 


meeting problems involving deleterious 


materials. \ discussion on the manufacture 
of concrete aggregates from crushed rock is 
not included in this article 

Sand and gravel, produced in every county 
in the state except two, San Francisco and 
Alpine, is obtained principally 


from recent 


stream deposits, such as stream channels, 


alluvial cones, flood plains and terraces. 
In the discussion of deleterious materials, 
informed of the and 


the reader is extent 


locations of soft shales, sandstones, various 
reactive aggregates, etc. Reference is made 


extensively to standard specifications ol 


California Division of Highways with their 
various tests for determining the acceptability 
ol aggregates tor concrete 

Kxeellent supplemental information — is 
provided by the charts and miuips included 


with the article. 





CURRENT 


Calculation of shell roofs without stiffening 
beams 
ANDRE 


neering 


Papuart, Concrete and ( 
London), V. 47, No.10, Oct. 1952, pp. 297 
Reviewed by 


ry 


Gorvon | CHIrpMAN 


vault 
se]- 


construction 


Describes method of calculation of 
stresses in structure built in Antwerp, 


gium. (See below 


details. ) 


review 
The 


In the first stage each valley is assumed to be 


lor 


method is in two. stages 
supported along its whole length, thus re 
the 


instead of a 


lating problem to a two-dimensional 


arch three-dimensional vault 
In the second stage it is assumed that there 
the columns along the 


three 


ure no props except 
the 


dimensional problem must be solved 


whole length of valleys and a 


Shell roof construction in Belgium 
Concrete and Constructional Engines 
V. 47, No. 10, Oct. 1952, pp. 311-314 


Reviewed by Gorpon I 


Londo 
CHIPMAN 


Construction details of a self-supporting 
1525 ft 


199 ft 


vault roof. The structure is long, 


divided into 31 bays, and is wide, 
divided into three bays and two cantilevers 
The vault 
at the crown 


Keach 
mediate 


thickness from 3.15 in 
1.75 in. at the 


varies in 


to springings 


vault rests on columns without inter 


beams, and behaves like a_ shell 


supported at isolated points 


Wood concrete—Durisol type (Holzfaserbeton) 


Betonstein-Zeitung 


1952 


Fk. Conrap Wiesbader \ Is 


No. 9, Sept 
AUTHOR'S SUMMARY 


teports on the properties and applications 


of wood concrete, which is a lightweight 


concrete made of impregnated and mineralized 
waste wood such as course sawdust, shavings, 


and unravelled pieces of wood suilding 


elements made of wood concrete are used 


in (a) skeleton buildings as shelving slabs 


with coatings on both sides and as reinforced 


coated slabs for ceilings and 


unilaterally 
(b) 
vertical 


one-story buildings for 


to 


roofings; pre- 


fabricated elements be used as 


external faces and sides of walls; 


(c) 


nner 


solid structural engineering in) combi- 


nation with a centering stone; for hollow 


face walls (the interior which is to 


be — filled 
strength; and (d) in solid ceiling constructions 


space ol 


with concrete ol an idequat 


by using correspondingly shaped non 


supporting filling panels as well as in rein- 
forced ceilings and those being supported by 


reinforced lightweight girders 


REVIEW 


Q7 3 


New Lippe Bridge at Wesel (Die neve Lippe- 
bruecke bei Wesel) 
l \limsky 


Is Yeo om 


long and 12.5 m_ wide 


Bridge 


(including two 2-m cantilevered sidewalks) 


ind is composed of two 


‘| he 


stressed in 


continuous 
slab, 
direction of the 


both 


SpMAnS 
18.5 m long 19 em 
pre 


misain 


concrete 


the 


each 
thick, is 
ind is dowelled to 
ind the 


prestressing ( 


four girders 
the 
The 
| 


if ngths 


main girders main cross beams 


ibles ire ol varying 
conforming to the moment curves 


ke id load, 


pre stress 


Design studies included effects of 


live load, temperature, shrinkag 


ing, and lowering of support at center pier 


third 


elevations 


is well as of temporal supports nat 


Mi 


Stages of construction 


points of both spans sured 
found 
calculated 


expected to be im 


it various were 


good agreement with 


fin il 


to be In 


values; profile is 


excellent igreement with design ul ule when 


most of the shrink ie urred 


ancl « reep has oe 


New uses for Marston matting 
(; i] ~ ‘ j Bu 


I (CCHIPMAN 


‘| he 


iurfield 


use of steel matting, from 


runways ind substituted for con 


steel has Sve | none 


the Philip 


fing Vit eut 


ventional remforeing 


wecelerated construction in 
The 1O-gaue 
ihout 10 ft 


‘ 


ind 


pines rhisatl inte 


3-in. strips in length equivalent 


cross-sectional aren to a standard 


in steel 


rod Reinforced 


iult 


’-in. round reinforcing 


concrete slabs in buildings, manholes 


ind conerete walls are some of the 


appl 


entions 


Strength of partially loaded concrete and 
mortar block (Resistencia de blocos parcial- 
mente carregados) 

VAN La 

ule). 


PeELEMACO 
har Sao I 


Ceme As 


This report is based on investigations mice 
by Van L the 
ratories of the 
Assn 


9 


a 


ingendonck at labo 


Portland 


Testing consisted of parti illy 


Professor 
Brazilian Cement 
loading 
blo« k ol 


thi 


57 concrete 
| he 


summarized as 


mortar block ind 


various mix designs result of 


study can be follows 


kor 


iter 


having its height 
width 


block 


than 


equ il to or 


gre its ind partially loaded 
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at an end, or block having its height equal 
loaded at 
both ends, the breaking load /? is equivalent 


to twice its width and partially 


to a 
totally 
to the 


fraction of the breaking load P, for 
loaded block. This fraction is equal 
ratio A,/A of the end 
similar figures (loaded area and total section 
of block). 

(A,/A) (Pa). 


numerous photographs and charts. 


This can be shown as P 


This paper is illustrated with 


Bridge built of precast pumice concrete 

Engineering News-Record, V. 150, No. 15, Apr. 9 

1953, p. 26 
ARBA INFORMATION DIGEST 
iv 1454 


PeCHNICAI 


Pumice concrete was precast into beams 
deck for a 
Blaine County, Idaho. The members weigh 
about half of what they would have weighed 
if made of 


and road highway bridge in 


ordinary sand and gravel rein- 
Built for less than $10,000, 
the bridge is made up of three 40 ft single 
H20 


a brief description of the 


forced concrete. 


lane spans designed — for loading. 


Illustrations and 


project are given. 


How to build against atomic attack—design 
of protective structures briefed 


A. S. Neman, (i 
1952, pp. 31-36 


il Engineering, V. 22, No. 6 


June 
Reviewed by Gorpon L. CuremMan 
of technical us de- 
Federal Defense Ad- 
the design of 


Discussion standards, 


veloped by the Civil 
ministration, for protective 
Desirable 


characteristics of the shelter to protect against 


structures, especially shelters 


blast, heat, and nuclear radiation are listed 
and recommended design live loads for blast 
are given. 

Reference is made to technical manuals 
published by FCDA. 


the strengthened frame and shear walls, as 


The additional cost. of 


recommended in these manuals, is estimated 
to be | to 3 percent of the general construction 
cost of a building 


Study of concrete pavements for roads and 

airports (Etudes de revetements betonnes pour 

routes et aerodromes) 

R. Pevrier, Annales de L'Institut Technique du Bat 

ment et des Travaux Publics (Paris), No. 59, Nov. 1952 
teviewed by Puitup L. 


MELVILLE 


This study was undertaken to explain 


some recent disappointments in the use of 


rigid pavements. Pavement concrete uses 


large size aggregates, low amounts of water. 


AMERICAN CONCRETI 


areas of the 


INSTITUTE 


Its important properties are watertight ness, 
durability, 
\ theory 


and especially tensile strength 


is presented and applied to mix 
design 


It meets the requirements of Feret’s 


law on voids-cement for maximum density 


It is stated that gap-grading of the aggregate 


is advisable and that there is an optimum 


amount of cement to increase the modulus 


The 


concrete are improved by the use of entrained 


ol rupture desirable properties ol 


Tension impact testing 
A. ( Vivian, Structural Engineer (Londor \ 0) 
No. 6, June 1952, pp. 121-12 
AppLiep Mercnanics Reviews 
Jan. 1953 (Marco 
By seribes 


two tension-Impact-testing 


machines A full-sized model of one, a 


drop-weight type, has been made and is 
detail. The 
in that the breaking energy of the specimen 
that the 


intO anal 


deseribed in machine is novel 


is measured by the distance cup 


and anvil plunges evlinder. 
Further, the machine can be readily adapted 
flor temperature control of the test specimen 
Results of The 


second testing machine, which is in the model 


several tests are given 


is described but not illustrated, nor 
The first 
has definite possibilities and is worth further 


stage, 


are any test data given. machine 


study and refinement. 


Fifteen-mile toll bridge under 
across lower Tampa Bay 
Mavunice H. Quape, ¢ l Engu 
Apr. 1952, pp. 25-30 
Reviewed by Gorpon L. CuremMan 


construction 


Description of lower Tampa Bay crossing, 
stretching 15 miles to connect St 


Palmetto, Fla It 


Petersburg 


with includes a double- 
leaf bascule bridge with concrete approach 
trestles, two other steel bridges and two pre- 
The five 


miles of 


stressed concrete trestle crossings 
crossings are connected by ten 
hydraulic fill 

The three 


trestle require 2178 stringers supported on 


miles of prestressed concrete 


conerete pile bents and earrving 4& cust-in- 
place deck Prestressing is in stringers and 
is provided by three 1-in. diameter British- 
Macalloy threaded 
stringers and post-tensioned to initial stress 
of 94,000 psi 
MeCall system of présiressing in the United 


made bars through 
This is the first use of Lee- 


States. 





CURRENT REVIEWS 


Curved roof on cables spans big arena 
FREDERICK SS Meret Engineeris News-Re 


\. 150, No. 6, Feb. 5, If 


Reviewed by Gornpon L. CHipman 


Description of the design and construction 
of the Livestock Judging Pavilion at Raleigh 
N. ©. This 


rool traming 


structure has a novel type ol 
suddle-shape roof bung from 
that 


building. The 


ee ol Opposing concrete arches 


encirele the SO0-1t diameter 


columniless metal deck is carried on 


rool 


steel cables which are anchored to a pair ol 


parabolic reinforced concrete arches that 


spring upward and outward in opposite 


directions from nbutments on 


The arches 
lie in planes which make an angle of about 


horizontal 


two common 


opposite sides of the building 


22 deg with the 


Concrete and anti-corrosive paints (Peintures 
applicables sur le ciment et peintures anti- 
corrosives) 

TkAN WALLON 
1952 


Reviewed by Puiturw L. Menuvicis 


Selection of a paint to be applied on ou 
surface contaimimg cement has become difficult 
in recent vears because of the multiplicity ol 
suitable products 


Governing tactors are 


alkalinity, humidity, moisture, decorative 
scheme, protection, ipplic ation, and economy 
The main decision should be based on alka- 
the ability of the 


Some of the 


and 
with it 


linitv of the surface 


paint to cope paint 


types are lime-base, cement-base, siliceous, 


outdoor, bituminous, phenolytic, vinvlitic, 


rubber-base, and resin bse 


Mortar mixes for concrete masonry walls 


KR ’ wtional Re 
No. 8, De 1952, pp. 22-32 


ewed by Gorpon I 


SANKS, Syvdney \ ) 


CHIPMAN 


An excellent review of the results of recent 


research on the re lationship ol mortar Compo- 
sition to wall strength U. 


and British 


experimental work is) summarized and a 
bibliography is included 
A mortar 


will usually 


containing both lime and cement 


have the best combination of 


properties lime Pivinig good working 


qualities, good water retentivity, and freedom 


from cement early 


The 


of cach should be varied to suit the particular 


major cracking; giving 


strength and durability proportions 


brick or block being set and other specific 


conditions 
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Experience with fly ash blends in a test pave- 
ment built in 1938 
W l NMIcCLENAHAN ’ ‘ \ Re 
1), No. Il, Mar. 12 5 ». be 
ARBA Trecnunicat INnvrormarion Dig 
Apr. 19538 
fesults ol 


experimental work in the 


laboratory for highway construction showed 
that the most effective blend was one-third 
fly ash to two-thirds by volume of portland 
cement. This mixture produced the greatest 


strength after sufficient good curing kon 
sewer work, strengths in excess of 5000) psi 
at 28 davs are obtained consistently when 
make 
1 cu yd of concrete; 415 lb Type I portland 
cement; 72 Ib 1340 Ib 


1995 Ib well graded 


the following proportions are used to 


untreated fly ash; 
natural well graded Ss ind; 
gravel; 26!, gil 

With 
grave 1, the above mixture has been pumped 
as far as SOO It 


water; 3!o percent ain 


entrainment well gi ided sand and 


when the slump was only 


1'o in 


Studies of slab and beam highway bridges: 
Part IV—Full-scale tests of channel shear 
connectors and composite T-beams 

I. M. Viest, C. P. Siess, J. H. Appieron, and N. M 

Newmark, Bulletin Series No. 405, University of 


Illinois engineering ] xperiment Station 1052 
156 pp., $1 


Four composite steel and concrete T-beams 
with channel shear connectors were tested on 
simple spans by apply nig single concentrated 


loads at the centerline and at other points 


Individual channel shear connectors were 


investigated with the aid of 


tests 


13 push-out 


The des ription of specimens, their manu 
facture and testing, and the test 
detail 


made for 


results are 
presented = in Various 


had to be 


assumptions 
computing the defor 
mations of composite beams stressed beyond 


These 


addendum to the theory for composite beams 


the elastie limit assumptions, an 


with incomplete interaction, and a selective 
bvibylic graphy 


are given in the appendixes 


Heavy-media treatment of gravel 
Circular No. 55, National Sand and Gravel Assn 
Washington, D. ¢ Mar. 1953, 32 pp 


Contains two papers on the use of heavy 
media processing for removing objectionable 
“New 


separ ition ol 


materials Irom gravel 
Plant lor Heavy-Media 
Gravel,” by W. L. Price, 


periences of the Dravo Corp 


| loating 


describes the ex 


in evaluating 
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the benefits of heavy-media treatment and 
constructing and operating a full-scale heavy- 
media plant. 

“Effect of Heavy-Media Processing on 
Quality of Gravel,” by Stanton Walker and 
1). L. Bloem, presents data developed in the 
National Sand and Gravel Assn.’s laboratory. 
The data these 
neither comprehensive nor conclusive, pro- 


from investigations, while 
vide some indications of the potential im- 
provement in coarse aggregate quality which 
may result from use of the process. 


Effects of capping materials 
strength of concrete specimens 


PRANK M. Masrers, Jr., and A. C. Loewer, Jr, 
Concrete, V. 60, No. 11, Nov. 1952, pp. 30-36 
Reviewed by Gorpon L. CuipmMan 


on apparent 


A series of tests on 192 6 x 12-in. concrete 
cylinders to determine the effect of age and 
thickness of cap on the apparent strength 
of the eylinders was made using four sulfur 
The 
1, to 40 hr and the thicknesses from 14 to 
I in. 


type caps. ages of cap varied from 


Results showed that, for the four capping 
materials used, the age and type of material 
used have little apparent effect on the tested 
strength and that the thinner the cap the 
better the results obtained. 
summarized 
and an excellent bibliography is included. 


Previous investigations are 


Distribution of load stresses in highway bridges 
Research Report No 14-B, Highway Research Board, 


1952, 00 pp., $1.50 


Contains six papers sponsored by the High- 
way Research Board’s Committee on Bridges 
and presented at the $lst annual meeting: 
(1) “Effect of Trucks upon a Bridge 
Floors in Towa in 1922 and in 1948,” by Almon 
H. Fuller; (2) “Test on Rolled-Beam Bridge 
Using H20-S16 Loading,” by G. M. Foster; 
(3) “Load Distribution between Girders on 
the San Leandro Creek Bridge,” by T. Y. 
Lin and Robert Horonjeff; (4) ‘Load Distri- 
bution on Highway Bridges Having Adequate 


Few 


Transverse Diaphragms,” by G. 8S. Paxson; 
Girders in 
Bridges: Theo- 
retical Analyses and Their Relation to Field 
Tests,” by C. P Veletsos; 
and (6) “Reactions of a Two-Span, Skewed, 
Rigid-Frame Bridge,’’ by Gordon P 
and Walter C. Boyer. 


(5) “Distribution of Loads to 


Slab-and-Girder Highway 


Siess and A. 8. 


Fisher 


OF THE AMERICAN CONCRETE INSTITUTE 


June 1953 


Organization of airport construction 
Ernest ArTHUR PALMER, Proceedings, Institution of 
Civil Engineers (London), V. 2, Part Il, No. 1, Feb 
1953, pp. 1-41 

Arnon I 


Reviewed by MIRSK Y 


Construction of the London 
extended 


offering opportunity for workmen to become 


airport at 
Heathrow over about 7% years, 
highly expert and for engineers to perfect 
equipment and techniques. Paper describes 
earthwork, work, 
Of the four 
concrete mixes used, the principal one, des- 


“H ” 
’ 


different sizes of coarse aggregate; the nearly 


access roads, concrete 


and other phases of the project. 
ignated as quality utilized three 
one million cubie yards of this mix used for 
the slabs were produced by four different 
arrangements of mixing plants, each repre- 
senting an improvement on its predecessor. 
An excellent description of the mix design 
was given in “Gravel Compaction and Test- 
ing, Mix Design at 
Airport” by Harold Smith “Current 
Reviews,” June 1952 JouRNAL, p. 907). 


and Concrete London 


(see 


High strength lightweight concrete and its 
future in France (Sur le beton leger a grande 
resistance et sur ses possibilites de developpe- 
ment en France) 


R. Le Lan, Revue des Materiauxr de 
(Paris), No. 447, Dee. 1952, pp. 347-352 
Reviewed by Puiture L 


Construction 
MELVILLE 
Second of two articles (see also ‘Current 

Reviews,” ACI Journa., Mar. 1953, p. 686) 

where the structural 

block, 


their shrinkage, thermal and fire behavior, 


author discusses the 


properties of lightweight concrete 
capillarity, porosity, freezing resistance, and 
aging. 
partitions, lintels, floors, roofs, and chimney 


The practical applications to walls, 

are reviewed. A typical fabricating plant is 
suggestions 

velopment in France. 


described with for future de 


Prestressed concrete tower 
C. J. Doney, Constructional Revieu 
No. 8, pp. 16-21 

Reviewed by Gorvon L 


Sydney), V. 25 
CHIPMAN 


Description of the construction of a large 
prestressed concrete tower at Warragamba 
Australia. The tower is approxi- 
mately 99 ft high and 39 ft x 33 ft in plan. 
The frame of the structure consists of pre- 


Dam in 


stressed beams and columns with timber 


walls, roof, floor boards and joists. 
The prestressed columns are 18 in square 


The 


by 75 ft long and weigh 13.2 tons each. 





CURRENT 


prestressing cables were formed from 0.2-in. 
wire from Belgium with an ultimate strength 
of 100 tons psi. 


and beams were systematically spaced about 


The cables in both columns 


each axis to cope with a wind loading of 
75 mph from any direction. 


Relation of shrinkage to moisture content in 
concrete masonry units 
Housing Research Paper No. 25, Mar. 1953, Housing 
and Home Finance Agency, Division of Housing Ke- 
search, Washington, D. C., 28 pp., $0.20 
AvuTHOR's SUMMARY 

This report covers only the first of a series 
of investigations aimed at the reduction of 
shrinkage cracking of concrete masonry unit 
construction. It is limited to investigation 
of the of to moisture 
content of individual concrete masonry units 
Factual data 
are presented in the report regarding shrink- 


relation shrinkage 


and small laboratory test bars. 


age and moisture content covering a range 
of six types of aggregates, four commercial 
curing methods, and various other variables 
which affect 
individual concrete masonry units 


shrinkage characteristics of 


Thermic boring through reinforced concrete 
Concrete and 


V. 48, No. 3, 


Constructional Engineering 
Mar. 1953, p. 128 
Reviewed by Gorpon L 


(London 
CHIPMAN 
Describes the thermic boring method for 
drilling holes in reinforced concrete by the 
fusion of oxygen and iron, the temperature 
of which is sufficient to melt the 
In the silica 
becomes fluid and is carried away 
of combustion, the of 
reinforcing — steel facilitating the 
process and the work being carried out with- 
out Holes can be bored 
horizontally or vertically up to 15-20 ft long. 


material 


the case of concrete, content 
with the 
products presence 


actually 
noise or vibration. 


The method is also adaptable to cutting 
concrete by boring a series of closely spaced 
holes along the line of the required cut. 
Hipped plate analysis, considering joint dis- 
placements 


IBRAHIM GAAFAR, 
182, V. 79, Apr 


Proceeding 
1953, 28 pp 


ASCE, 
$0.50 
AUTHOR'S SUMMARY 


No 


meparate 


Both theoretical and experimental — in- 
vestigations of the structural action of hipped 
plate structures are presented. The relative 
displacements of the joints of such structures 
under loading, neglected in the approximate 


theory of design described by G. Ehlers and 
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H. Craemer, are shown to affect the results 


materially, and are taken into consideration 


by a more accurate, but. still practical, 
method of analysis 

Tests on a 1/40-scale aluminum model of 
a hipped plate roof have justified the as 
sumptions and verified the analytical results 
the different 


theories are compared and cheeked against 


The results obtained by use of 


the experimental results 


Testing of eleven Danish concrete mixers 
J. ANDERSEN, P. Brepsporrr, N. H 
MALMSTEDT-ANDERSEN, P. Nerenatr, and N M 
PLuM Building Research Report No. 4 Danist 
National Institute of Building Research, Copenhager 
1951, 398 pp 


Krarur, K 


AUTHORS’ SUMMARY 


The 


common 


covered the 
of fall 
types as well as positive types, and above all 
to the their 
homogenizing capacity tanks ol 


Investigation most ol 


Danish types mixers, free 


intends Classify mixers as to 
The water 
the mixers, as well as their power consump 
tion, were also studied 

Part I 


earlier 


detail a 
regarding 


Zives ihn some review ol 


research concrete Mixing 
and closes with some considerations as to the 
technological and economical Importance ot 
In Part II 
of the mixers tested and the testing 


Part III all 
original test data as reported by the Danish 


the homogenization follows a 
survey 
procedure employed contains 
State Testing Laboratory together with some 
comments on the power consumption ol the 


In Part IV the 


a series of groups according to their 


mixers mixers are divided 


into 


capacity to homogenize different conecretes 


Dynamic impact loading of concrete (Die 
Kugelschlagprufung von Beton) 
Kurt Gaept Publication No 


Ausschuss Fuer Stahlbeton, W. Ernst 
1952 


107 Deuts 
& Sohn 


het 


Serlin 


Reviewed by Weanen H. Gumererrz 


Using Brinell’s hardness test as a basis 
Dr makes to thi 
impact of a moving steel ball to measure the 


Ciaede an attempt use 
strength of concrete. 
the 


proportional to tensile strength, Gaede pro 


Arguing that 
of metals surface hardness is 

ceeds to apply similar methods to concrete 
testing. 
steel ball 


concrete 


Using both a spring-driven testing 


ball the 


Sul face by 


and a falling toward 


gravity, attempts are 


made to correlate the diameter of the impact 
impression to the compressive strength of 
the concrete fesults 


are obtained through 
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extensive testing and subsequent statistical 
Charts 


accuracy the 


analysis allow to estimate with 


reasonable concrete strength 


on the basis of the diameter of the impression 
made by a standard impact ball. 

The possibility of non-destructive testing 
of actual structures 


offers far reaching 


improvements in concrete technology. Should 


this method become practicable, the present 


shortcomings of separate eylinders, cores, 
and destructive testing could be supplanted 
by a quick and reliable way of testing the 


concrete which is actually subjected to loads 


Foundation engineering 


Raten B. Peek, Wavrer Bb. Hanson, and THomas 
H. THornpurn, John Wiley & Sons, Inc., New York 
N. ¥ Chapman & Hall, Ltd., London, England 
1053, 410 pp., $6.75 


Elementary but) well organized textbook 
on foundation engineering, with emphasis on 
the commonest types of foundations found in 
material on soil 


practice. Up-to-date 


mechanics as is applicable to foundation 
design is included 

The book Is divided 
(A) ‘Properties of 


with 


four sections: 
Materials” 
mechanics, 
(B) “Types 
Methods of 


tion” describes various types of construction 


into 
Subsurface 
deals fundamentals of soil 
geology, and soil exploration. 


of Foundations and Construc 


(C) “Selection of Foundation Type and Basis 
for Design” is designed to fill the gap between 
the results of soil borings and laboratory data 
and the selection and design of the foundation 
It discusses advantages and disadvantages of 
various types of construction with respect to 


the type ol soil (1) “Structural Design of 


Foundation Elements” presents the elements 


of structural design of commonly used 


foundations and retaining structures 


New experimental studies on shrinkage of 
cements and concretes (Etudes experimentales 
recentes sur le retrait des ciments et des betons) 


R. L’Heroere and J. J. Griev, Annales de L'Institut 
Technique du Batiment et des Travaux Publics (Paris 
No. 52-53, Apr.-May, 1952 


Reviewed by Puitur L. Mecuvinnt 


Using sundry cements, a series of tests 


were undertaken to study evaporation and 


shrinkage as a function of hygrometry, 


cycles of shrinkage and swelling, spontaneous 
cracking and early shrinkage. The use of 
CaCl, increased volumetric variations while 


membrane curing reduced them. It is con- 


AMERICAN CONCRETE 


INSTITUTE June 1953 


cluded 


law, 


that evaporation follows Fourier’s 


shrinkage is not a simple function otf 


capillarity but is influenced by cement 


hvdration, spontaneous eracking Is not “H 
function of specimen size but of permeabilits 
of the paste and of the relative air humidity, 
and special care is urged if CaCl, is used 
and in no case is it advisable to use more than 


2 percent by weight 


Concreting in very cold weather (Les possibilites 
de betonnage en periode de froid intense) 
M Deniez, Revue d Vateriaur de Construct 
Paris No. 449, Feb 


Reviewed by 


cold 


will only be 


1953, pp. 45-4 


Poitur L. Meuvi 


In moderately weather (down to 
10 CC) it 


finer cement having «a high heat of hydration 


necessary to use it 


and high early strength (high alumina 


cements). In addition, an admixture ot 
NaCl, CO;Nao, 


as the heating of water up to 40 C 


or CaCls is advisable as well 
In case 
of severe frost. the problem is different; the 
concrete should not be saturated with water 
and should be air-entrained It. is also stated 
will not be used to its 
“dry” 


plastifying-dispersing agent) 


that air entrainment 
full value if the mix is not (need for 
a compatible 
These principles were verified by a series of 
tests commonly available 


laboratory using 


French products. It is concluded that with 
proper Care AS good 4a conerete Can be obt alr dl 


at 20 © as at 20 CC 


New bridge of Villeneuve-Saint-Georges (Le 
nouveau pont de Villeneuve-Saint-Georges) 
Micuent Bonnet frnnale de Pont ft Chaussee 
Paris), V. 123, No. 1, Jan.-Feb. 1953, pp. 9-48 
teviewed by Aron L. Muirsky 
sridge consists of two 135-ft anchor spans 
and a 257-ft center span, the latter composed 
120)-1t 


ot a suspended span and two 64-ft 


cantilever arms In cross section, bridge Inf 


three-cell 


hollow girder ol prestressed coh- 


crete. Longitudinal prestressing is by means 
of cables placed inside the cells and arr inged 
like the tension members of a truss 

Article, after a prelace by M. de Buffevent, 
chief engineer of bridges and highways, and 
a description of the structure, summarizes 
detail) 


conducted on the 


the calculations and reviews (in some 


the studies that were 


program of prestressing 
\ detailed description of the structure has 
also appeared in’ Engineering News-Record 


V. 150, No. 18, Apr. 30, 


1953, pp 50-55 
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The high head system of the Tavern Power 
Works Glockner-Kaprun (Die Hauptstufe des 
Tavernkraftwerks Glockner-Kaprun) 

J. Gorrz, editor, 


I-MANOVSKY 


Vienna, 


PowonpbrRa and R 


(; Zell am See, 


issisted by K 
Pauernkraftwerke A 
Austria, 304 pp 
Reviewed by 


Anon L. Mirsky 


A beautifully executed volume of over 
300 pages plus folded plates, issued in honor 
of the completion of the Limberg dam and 


This 
is an arch-gravity structure, 120 m high and 


its appurtenant works Austrian dam 
the reservoir has a 
capacity of 84,500,000 cum; there are 
1200) m 


diameter from 1.25 to 1.15 m. 


more than 350 m long; 


four 


penstor ks, long and varying in 


The volume contains a full description ol 


the project: inception, deve lopment of plans, 
construction plant, materials (sand, cement, 
construction difficulties 
and the 


conerete, steel, etc.), 


neountered and = their solutions, 


Jectric generation and distribution system 


Steel forms for the Limberg dam of the Kaprun 
Tavern power plant—problems of utilization 
(Die Stahischalung fuer die Limbergsperre des 
Tavernkraftwerkes Kaprun. Probleme der 
Anwendung) 


FrRreepricn Mescuan, Der Bauinge 
27, No. 11, Nov. 1952, pp. 405-410 


Reviewed by 


nieur (Berlin), \ 


ARON L. Mirsky 


Dam (part of a hydroelectric project: fully 
described in a special volume published by 
the power Company, set above) Is ah UnSs\VIn- 
metrical gravity arch structure gently curved 
directions; the maximum height Is 
120 m, the 


Construction followed the usual patte rn ot 


In two 


crest length 350 m 


blocks separated by contraction joints 


Contours of the masonry surfaces were care- 


fully caleulated and expressed in terms of 


coordinates A model then made of 


block, with the 
produced, and used to develop the plumb 


Wiis 


each surfaces carefully re 


line (vertically projected centerline) which 
served as the base line 


Although the 
retically 


for the steel forms 


masonry surfaces were theo 


curved, forms were constructed 


following ‘ort chords with maximum offset 


of 6 em surfaces thus appear curved on 


visual inspection Paper gives several 


examples yt applic ation ol method, to sharply 
curved as well as gently curved areas, author 


commenting that although method min\ 


appear primitive to mathematically inclined 
itself to be 
useful, and sufficiently exact in practice 


engineers, it has shown simple, 
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SO: content of aggregate and how it influences 
strength of mortar and concrete (SO;—Gehalt 
der Zuschlagstoffe) 

Kurt Gaepe, Publication No. 109, Deutscher Aus 
sat I Stahlbeton, W. Ernst & Sohn, Berlin, 1952 
Werner H. Guuperrz 


is let 
Reviewed by 


The 


concrete Is discussed, 


influence of SO, on the strength of 
The SOs problem arises 
from the extensive use of masonry rubble 
concrete, Pre 
that 
ment of strength can be avoided by limiting 
the SO 
total aggregate. 
this paper reveal that it is more likely that 
the relationship between SO 


as aggregate in German 


viously it had been assumed impait 


content to a set percentage of the 
Experiments reported in 
and cement 
\ formula 
is developed which will make the use of SO 


content is the controlling factor. 


containing aggregate possible without sub 


stantial loss of strength beeause the actual 


decrease in strength is limited to a narrow 


range of changing SO;-cement relationship 
This paper was probably inspired by ex- 


tensive German experimentation with high 


and low density types of concrete. Since use 


of masonry rubble in this country is not 


common, the paper will probably not have 


important bearing on American conerete 


technology 


Concrete products yearbook, 1953 (Betonstein 
Jahrbuch, 1953) 

jauverlag GmbH, Wiesbaden, Germany, 1953, 492 
pp., 6 DM 


Reviewed by Anon L. Minsky 


This pocket sized vearbook, prepared under 
the auspices of the Bundesverband der 


Jetonsteinindustrie, Bonn, and the Bundes 
Dortmund, 
Part A (pp. 1-23) 


summarizes the organization of the 


fachgruppe Betonstein-Terrazo, 
is divided into four parts 
industry, 
with lists of the various technical groups and 


their officers West 


Germany), ete. Part B (pp. 25-215) presents 


statistics (restricted to 
short articles on such diverse topics as aggre 
gate particle size, lightweight concrete, rein 
forcing steel, additives, machinery for mixing 


and transporting and 
block 


quality control Part C (pp 217-394) ives 


conerete, producing 


concrete and other products, and 


abstracts of German standards ipplicable to 
concrete structures and products, and short 
articles on walls of lightweight 


slabs 


roofs; chimneys constructed of block; precast 


concrete > 


constructed of hollow precast joists; 


window frames, sills, lintels, ete.; prestressed 
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precast members; plain and reinforced con- 
crete pipelines; concrete in highway construc- 
tion; and concrete products in agriculture. 
Part D (pp. 385-421) contains tables of freight 
this!), 


ind the index. 


rates (unusual, unit weights, design 


The last 80-odd 
pages comprise a trade directory and advertis- 


loads, ete., 


ing section 


1952 Book of ASTM standards 


American Society for Testing Materials, Philadelphia, 
) 
] 


With 
than 


than 
2001 


and definitions for 


more QO75 including 


pages, 


more standards, specifications, 


tests, materials, the 1952 


edition is issued in seven parts. Each part 


of the book is comple te with detailed subject 
index and table of contents 


Part 1. Ferrous metals 


1HO2 pp., $12 


Contains 291 specifications and tests of 


which some 209 relate to stee|] and stee|] 


products 


Part 2. Non-ferrous metals 
1359 pp., $10 


Contains 268 specifi “ations und tests, both 


standard and = tentative, related to non 


ferrous metals and alloys 


Part 3. Cement, concrete, ceramics, thermal! insulation 
toad materials, waterproofing, and soils 
1666 pp., $12 


Contains 405 specifications and tests, both 


standard and tentative, on a wide variety 


ol materials, including cement, econerete 


aggregates, concrete, materials for euring 


concrete, lime, gypsum, magnesium = oxy- 


chloride and oxvsulfate cements, asbestos 


eement products, eonerete masonry units, 


masonry mortar, chemical-resistant mortars 


and numerous others 
Part 4. Paint, naval stores, wood, fire tests 


constructions, building constructions 
1182 pp., $10 


sandwich 


Contains 27 fields 


and 


3 standards, covering the 


of paint materials, wood, sandwich 


building constructions, and fire tests 


Part 5. Fuels, petroleum, aromatic hydrocarbons, and 
engine antifreezes 
1282 pp., $10 

Contains 213 standards, the major portion 
on petroleum products and lubricants 
Part 6. Rubber, plastics, and electrical insulation 
1520 pp., $12 

Contains 257 standards on rubber products 


plastics, and electrical insulating materials 
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Part 7. Textiles, soap, water, paper, adhesives, and 
shipping containers 

1364 pp., $10 

covering textile 


Contains 294 standards 


materials, water, and other materials. 


Statically indeterminate structures: their analysis 
and design 


Paut ANDERSON, Ronald Press, New 
1953, 318 pp., $7.50 


York, N. ¥ 


Reviewed by M. W 


JACKSON 


This book gives an extensive covering of 


its field on a level suitable for a first course 
students. It 


gap between analysis and design. 


given in the senior year for 
bridges a 
It. is not limited to presenting the mathematics 
of analysis, but includes numerical appli- 


The 


of applications deal only with steel structures 


cations to design problems majority 
\pplications of indeterminate structures in 


concrete are usually covered in courses mm 


concrete design, according to the author 
Design examples include a steel cofferdam, 

rigid gable frame, four-story steel building 

irame, and a rectangular concrete culvert. 

The cofferdam is noteworthy. 

analysis are 


Conventional methods — of 


covered, including deflection of beams and 
trusses, consistent deflections and least work, 
slope deflection, moment distribution, tapered 
and beams, wind 


haunched stress analysis, 


and space Irames 

In presenting slope deflection, the author 
writes, “Although this method has so often 
still 


obtaining general 


been pronounced dead, it remains the 
efficient 


solutions for 


most tool tor 


continuous structures of only 


one or two redundants.” 


Column analogy is not included In 


defense the author writes, “the application 
does not 
work 
and tapered beams) and it Imposes on the 
studeat the 


of column analogy result’ in any 


reduction of numerical (for haunched 


necessity of learning another 


‘language Haunched and tapered beams 
are pre sented with reference to moment area 
principles. The appendix consists of 58 pages 
of tables for solution of haunched and tapered 
members, 


Assn 


reprinted from Portland Cement 
publications 

This book is a good introduction to inde- 
terminate structures for students. It prob- 
ably adds nothing for the practicing engineer 
with a knowledge of the field. 
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